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TITLE 

CATALYST FOR POLYESTER PRODUCTION, PROCESS FOR 
PRODUCING POLYESTER USING THE CATALYST, POLYESTER 
OBTAINED BY THE PROCESS, AND USES OF THE POLYESTER 

FIELD OF THE INVENTION 
The present invention relates to a catalyst for 
polyester production, a process for producing a 
polyester using the catalyst, a polyester obtained by 
the process and uses of the polyester. 

BACKGROUND OF THE INVENTION 
Because of their excellent mechanical strength, 
heat resistance, transparency and gas barrier 
properties, polyesters such as polyethylene 
terephthalate are favorably used as not only materials 
of containers of various beverages such as juice, soft 
drinks and carbonated beverages but also materials of 
films, sheets and fibers. 

The polyesters can be generally produced using, as 
starting materials, dicarboxylic acids such as 
aromatic dicarboxylic acids and diols such as 
aliphatic diols. In more detail, a dicarboxylic acid 
and a diol are first subjected to esterif ication 
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reaction to form a low condensate (low molecular 
weight polyester) , and the low condensate is then 
subjected to deglycolation reaction (liquid phase 
polycondensation) to increase the molecular weight. 
5 In some cases, solid phase polycondensation is 

performed to further increase the molecular weight. 

In the process for producing polyesters mentioned 
above, a conventional antimony compound, a 
conventional germanium compound or the like is used as 
0 a polycondensation catalyst. 

However, the polyester produced by the use of the 
antimony compound as a polycondensation catalyst is 
inferior to the polyester produced by the use of a 
germanium compound as a polycondensation catalyst in 
) the transparency and the heat resistance. In the use 
of the antimony compound as a polycondensation 
catalyst, further, the acetaldehyde content in the 
resulting polyester is desired to be decreased. 

On the other hand, the germanium compound is 
considerably expensive, so that the production cost of 
polyester becomes high. To decrease the production 
cost, a process including recovering the germanium 
compound scattered during the polycondensation and 
reusing it has been studied. 
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By the way, it is known that titanium is an 
element having a function of promoting 
polycondensation reaction of a low condensate. 
Titanium compounds such as titanium alkoxide, titanium 
tetrachloride, titanyl oxalate and orthotitanic acid 
are publicly known as polycondensation catalysts, and 
various studies have been made to utilize such 
titanium compounds as the polycondensation catalysts. 

However, when the conventional titanium compounds 
are used as the polycondensation catalysts, their 
activity is inferior to that of the antimony compounds 
or the germanium compounds. In addition, the 
resulting polyester has a problem of being markedly 
colored yellow, and hence they have not been put into 
practical use yet. In the industrial production of 
polyesters using these titanium compounds as the 
polycondensation catalysts, further, there is a 
problem of corrosion caused by elution of chlorine 
content in case of catalysts containing a large amount 
of chlorine, such as titanium tetrachloride and 
partial hydrolyzate of titanium tetrachloride. 
Therefore, catalysts having low chlorine content are 
sometimes desired. 
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Under such circumstances as described above, 
cacalysts for polyester production capable of 
producing polyesters with high polycondensation 
activity or catalysts for polyester production capable 
of producing such polyesters as satisfy any one of 
requirements of low acetaldehyde content, high 
transparency and excellent tint with high catalytic 
activity are desired. 

There are also desired a process for producing 
polyesters by which polyesters having desired 
intrinsic viscosity (IV) can be obtained for a short 
period of time, a process for producing polyesters by 
which polyesters having low acetaldehyde content can 
be obtained with high polymerization activity, and a 
process for producing polyesters by which polyesters 
having excellent tint can be obtained with high 
polymerization activity. 

As described above, the polyester, particularly 
polyethylene terephthalate, is favorably used as a 
material of containers of beverages such as juice, 
soft drinks and carbonated beverages . 

To produce a blow molded article from the 
polyester, the polyester is fed to a molding machine 
such as an injection molding machine to form a preform 
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for a blow molded article, then the preform is 
inserted in a mold of a given shape, and the preform 
is subjected to stretch blow molding and a heat 
treatment (heat setting) . 

As for the molded product obtained from the 
conventional polyester such as conventional 
polyethylene terephthalate, however, the content of 
acetaldehyde is increased during the molding and the 
acetaldehyde remains in the resulting molded product, 
so that flavor or scent of the contents filled in the 
molded product is sometimes considerably deteriorated. 

As a process for producing polyethylene 
terephthalate having small increase of the 
acetaldehyde content during the molding, a process, 
which includes treating a particulate polyethylene 
terephthalate with water vapor of 110°C or higher 
prior to solid phase polycondensation of the 
polyethylene terephthalate, is disclosed in Japanese 
Pacent Laid-Open Publication No. 25815/1984, or a 
process for producing polyethylene terephthalate of 
high polymerization degree, which includes a step of 
moisture controlling polyethylene terephthalate having 
an intrinsic viscosity of not less than 0.4 dl/g and a 
density of not more than 1.3 5 g/cm 3 to vary the 
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moisture content to not less than 0.2 % by weight, a 
step of precrystallizing the polyethylene 
terephthalate at a temperature of 140 °C or higher, and 
a step of solid phase polymerization at a temperature 
of 180 to 240°C in an inert gas atmosphere or reduced 
pressure, is disclosed in Japanese Patent Laid-Open 
Publication No. 219323/1984. 

However, the increase of the acetaldehyde content 
in the polyethylene terephthalate obtained by these 
processes cannot be lowered down below a certain level. 

In Japanese Patent Laid-Open Publication No. 
97990/1993, a method for treating polyethylene 
terephthalate comprising bringing pellets of 
polyethylene terephthalate having been subjected to 
solid phase polymerization into contact with a 
phosphoric acid aqueous solution having a 
concentration of not less than 1 ppm is disclosed. 

In this method, however, the phosphoric acid 
functions as an acid catalyst to perform hydrolysis, 
and as a result, decrease of the intrinsic viscosity 
is accelerated during the melt molding. 

The conventional polyester, e.g., polyethylene 
terephthalate, contains oligomers such as a cyclic 
tnmer, and the oligomers such as a cyclic trimer 
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adhere to an inner surface of a mold for blow molding 
or a gas exhaust vent or a gas exhaust pipe of a mold 
to cause stain of the mold, or adhere to a vent zone 
of an injection molding machine. The stain of the 
mold causes surface roughening or whitening of the 
resulting blow molded article. The whitened blow 
molded article must be discarded. In the production 
of a blow molded article using the conventional 
polyester, the stain of the mold must be frequently- 
removed, and this results in conspicuous lowering of 
productivity of the blow molded article. 

In addition, the polyester obtained by the use of 
the antimony compound or the germanium compound as a 
polycondensation catalyst sometimes has low melt 
flowability and is insufficient in the moldability. 

Under such circums tances as described above, there 
is desired a polyester having a low acetaldehyde 
content, hardly increased in the acetaldehyde content 
during the molding and hardly causing stain of a mold 
or a polyester having high melt flowability and 
excellent moldability. 

Further, there is also desired a polyester molded 
product having excellent transparency and tint or a 
molded product such as a blow molded article preform 
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or a blow molded article, e.g., a polyester blow 
molded article having a low content of a cyclic trimer. 

The present applicants have found that the main 
cause of the stain of a mold in the molding process 
resides in that large amounts of oligomers such as a 
cyclic trimer are produced in the molding of the 
polyester to increase the total amount of the 
oligomers such as a cyclic trimer contained in the 
polyester, and has also found that the increase of the 
oligomers such as a cyclic trimer can be remarkably 
inhibited by bringing the polyester obtained through 
the solid phase polycondensation into contact with 
water or the like, so that they have proposed this in 
Japanese Patent Laid-Open Publications No. 97990/1993 
and No. 283393/1996. 



OBJECT OF THE TNVRNTTOM 
The present invention has been made in view of the 
prior arts as described above, and it is an object of 
the invention to provide a catalyst for polyester 
production capable of producing a polyester with high 
catalytic activity or a catalyse for polyester 
production capable of producing such a polyester of 
high quality as satisfies any one of requirements of a 
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low acetaldehyde content, high transparency and 
excellent tint with high catalytic activity. 

It is another object of the invention to provide a 
process for producing a polyester by which a polyester 
having a desired intrinsic viscosity (IV) can be 
obtained for a short period of time, a process for 
producing a polyester by which a polyester having a 
low acetaldehyde content can be produced with high 
polymerization activity, and a process for producing a 
polyester by which a polyester having excellent tint 
can be obtained with high polymerization activity. 

It is a further object of the invention to provide 
a polyester having small increase of the acetaldehyde 
content during the molding, particularly a polyester 
having a low acetaldehyde content and small increase 
of the acetaldehyde content during the molding, a 
polyester hardly bringing about stain of a mold, a 
polyester having excellent transparency and tint, or a 
polyester having high melt flowability and excellent 
moldability . 

It is a still further object of the invention to 
provide a polyester molded product having excellent 
transparency and tint or a polyester molded product 
such as a blow molded article preform or a blow molded 
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article, e.g., a polyester blow molded article having 
a low content of a cyclic trimer. 

SUMMARY OF THE TNVKMTTOT\T 
One embodiment of the catalyst for polyester 
production according to the present invention 
includes : 

a catalyst for polyester production, comprising a 
solid titanium compound (I -a) which is obtained by 
dehydro-drying a hydroiyzate obtained by hydrolyzing a 
titanium halide and has a molar ratio (OH/Ti) of a 
hydroxyl group (OH) to titanium (Ti) exceeding 0.09 
and less than 4; 

a catalyst for polyester production, comprising a 
titanium-containing solid compound (I-b) which is 
obtained by dehydro-drying a hydroiyzate obtained by 
hydrolyzing a mixture of a titanium halide and a 
compound of at least one element selected from 
elements other than citanium or a precursor of the 
compound and has a molar ratio (OH/Ti) of a hydroxyl 
group (OH) to citanium (Ti) exceeding 0.09 and less 
than 4; and 

a catalyst for polyester production, comprising: 
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(I) a polycondensation catalyst component 
comprising the solid titanium compound (I-a) and/or 
the titanium-containing solid compound (I-b) , and 

(II) a co-catalyst component comprising a compound 
of at least one element selected from the group 
consisting of beryllium, magnesium, calcium, strontium, 
barium, boron, aluminum, gallium, manganese, cobalt, 
zinc, germanium, antimony and phosphorus. 

Another embodiment of the catalyst for polyester 
production according to the present invention 
includes : 

a catalyst for polyester production, comprising: 

(I) a polycondensation catalyst component 
comprising a solid titanium compound (I-c) obtained by 
dehydro -drying a hydrolyzate obtained by hydrolyzing a 
titanium halide, and 

(II) a co-catalyst component comprising a compound 
of at least one element selected from the group 
consisting of beryllium, magnesium, calcium, strontium, 
barium, boron, aluminum, gallium, manganese, cobalt, 
zinc, germanium, antimony and phosphorus; 

a catalyst for polyester production, comprising a 
titanium-containing solid compound (I-d) obtained by 
dehydro- drying a hydrolyzate obtained by hydrolyzing a 
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mixture of a titanium halide and a compound of at 
least one element selected from elements other than 
titanium or a precursor of the compound; and 

a catalyst for polyester production, comprising: 

(I) a polycondensation catalyst component 
comprising the titanium-containing solid compound (I- 
d) , and 

(II) a co-catalyst component comprising a compound 
of at least one element selected from the group 
consisting of beryllium, magnesium, calcium, strontium, 
barium, boron, aluminum, gallium, manganese, cobalt, 
zinc, germanium, antimony and phosphorus. 

In the catalyst for polyester production described 
above, the co-catalyst component (II) is preferably a 
magnesium compound. 

A further embodiment of the catalyst for polyester 
production according to the present invention 
includes : 

a catalyst for polyester production, comprising a 
solid titanium compound (I-e) obtained by a process 
comprising brining a titanium halide into contact with 
water to hydrolyze the titanium halide and thereby 
obtain an acid solution containing a hydrolyzate of 
the titanium halide, rendering the solution basic by 
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the use of a base, then adjusting pH of the solution 
to 2 to 6 by the use of an acid, and dehydro -drying 
the resulting precipitate; 

a catalyst for polyester production, comprising a 
solid titanium compound (I-f) obtained by a process 
comprising bringing a titanium halide into contact 
with water to hydrolyze the titanium halide and 
thereby obtain an acid solution containing a 
hydrolyzate of the titanium halide, adjusting pH of 
the solution to 2 to 6 by the use of a base, and 
dehydro -drying the resulting precipitate ; 

a catalyst for polyester production, comprising: 

(I) a polycondensation catalyst component 
comprising the solid titanium compound (I-e) or the 
solid titanium compound (I-f ) , and 

(II) a co-catalyst component comprising a compound 
of at least one element selected from the group 
consisting of beryllium, magnesium, calcium, strontium, 
barium, boron, aluminum, gallium, manganese, cobalt, 
zinc, germanium, antimony and phosphorus; 

a catalyst for polyester production, comprising a 
titanium-containing solid compound (I-g) obtained by a 
process comprising bringing a mixture of a titanium 
halide and a compound of at least one element selected 
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from elements other than titanium or a precursor of 
the compound into contact with water to hydrolyze the 
titanium halide and thereby obtain an acid solution 
containing a hydrolyzate of the titanium halide, 
rendering the solution basic by the use of a base, 
then adjusting pK of the solution to 2 to 6 by the use 
of an acid, and dehydro -drying the resulting 
precipitate; 

a catalyst for polyester production, comprising a 
titanium-containing solid compound (I-h) obtained by a 
process comprising bringing a mixture of a titanium 
halide and a compound of at least one element selected 
from elements other than titanium or a precursor of 
the compound into contact with water to hydrolyze the 
titanium halide and thereby obtain an acid solution 
containing a hydrolyzate of the titanium halide, 
adjusting pH of the solution to 2 to 6 by the use of a 
base, and dehydro-drying the resulting precipitate; 

a catalyst for polyester production, comprising: 

(I) a polycondensation catalyst component 
comprising the titanium-containing solid compound (I- 
g) or (I-h) , and 

(II) a co-catalyst component comprising a compound 
of at least one element selected from the group 
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consisting of beryllium, magnesium, calcium, strontium, 
barium, boron, aluminum, gallium, manganese, cobalt, 
zinc, germanium, antimony and phosphorus. 

In the catalyst for polyester production described 
above, the co-catalyst component (II) is preferably a 
magnesium compound. 

A still further embodiment of the catalyst for 
polyester production according to the present 
invention includes: 

a catalyst for polyester production, comprising a 
solid titanium compound (I-i) which is obtained by 
dehydro -drying titanium hydroxide and has a 
crystallinity, as calculated from an X-ray diffraction 
pattern having 28 (diffraction angle) of 18° to 35° , of 
not more than 50 %; and 

a catalyst for polyester production, comprising: 

(I) a polycondensation catalyst component 
comprising the solid titanium compound (I-i), and 

(II) a co-catalyst component comprising a compound 
of at least one element selected from the group 
consisting of beryllium, magnesium, calcium, strontium, 
barium, boron, aluminum, gallium, manganese, cobalt, 
zinc, germanium, antimony and phosphorus. 
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A still further embodiment of the catalyst for 
polyester production according to the present 
invention includes: 

a catalyst for polyester production, comprising a 
slurry obtained by heating a mixture of: 

(A-l) a hydrolyzate (I-j) obtained by hydrolyzing 
a titanium compound or a hydrolyzate (I-k) obtained by 
hydrolyzing a mixture of a titanium compound and a 
compound of at least one element selected from 
elements other than titanium or a precursor of the 
compound, 

(B) a basic compound, and 

(C) an aliphatic diol. 

In the catalyst for polyester production described 
above, the basic compound (B) is preferably at least 
one compound selected from tetraethylammonium 
hydroxide, tetramethylammonium hydroxide, aqueous 
ammonia, sodium hydroxide, potassium hydroxide, N- 
ethylmorpholine and N-methylmorpholine . 

The aliphatic diol (C) is preferably ethylene 
glycol . 

A still further embodiment of the catalyst for 
polyester production according to the present 
invention includes: 
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a catalyst for polyester production, comprising: 
(A-2) a hydrolyzate (I-m) obtained by hydrolyzing 
a titanium halide or a hydrolyzate (I-n) obtained by 
hydrolyzing a mixture of a titanium halide and a 
compound of at least one element selected from 
elements other than titanium or a precursor of the 
compound, and 

(D) a metallic phosphate containing at least one 
element selected from beryllium, magnesium, calcium, 
strontium, boron, aluminum, gallium, manganese, cobalt 
and zinc; and 

a catalyst for polyester production, comprising a 
slurry obtained by heating a mixture of: 

(A-2) a hydrolyzate (I-m) obtained by hydrolyzing 
a titanium halide or a hydrolyzate (I-n) obtained by 
hydrolyzing a mixture of a titanium halide and a 
compound of at least one element selected from 
elements other than titanium or a precursor of the 
compound, 

(E) a metallic compound containing at least one 
elemenc selected from beryllium, magnesium, calcium, 
strontium, boron, aluminum, gallium, manganese, cobalt 
and zinc, 
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(?) at least one phosphorus compound selected from 
phosphoric acid and phosphoric esters, and 
(G) an aliphatic diol. 

In the catalyst for polyester production described 
5 above, the metallic phosphate (D) is preferably 
magnesium hydrogenphosphate or trimagnesium 
diphosphate. Further, it is preferable that the 
metallic compound (E) is a magnesium compound, the 
phosphorus compound (F) is phosphoric acid or 

10 trimethyl phosphate, and the aliphatic diol (G) is 
ethylene glycol. 

The heating temperature of the mixture of the 
components (A-2) , (E) , (F) and (G) is preferably in 
the range of 100 to 200°C, and the heating time is 

15 preferably in the range of 3 minutes to 5 hours. 

In the catalyst for polyester production according 
to the invention described above, the compound of at 
least one element selected from elements other than 
titanium or the precursor of the compound is a 

20 compound of at least: one element selected from the 
group consisting of beryllium, magnesium, calcium, 
strontium, barium, scandium, yttrium, lanthanum, 
zirconium, hafnium, vanadium, niobium, tantalum, 
chromium, molybdenum, tungsten, manganese, iron, 
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ruthenium, cobalt, rhodium, nickel, palladium, copper, 
zinc, boron, aluminum, gallium, silicon, germanium, 
tin, antimony and phosphorus, or a precursor of the 
compound. 

5 One embodiment of the process for producing a 

polyester according to the present invention is a 
process comprising polycondensing an aromatic 
dicarboxylic acid or an ester-forming derivative 
thereof and an aliphatic diol or an ester-forming 

10 derivative thereof in the presence of the above- 
mentioned catalyst for polyester production. 

Another embodiment of the process for producing a 
polyester according to the present invention is a 
process comprising an esterif ication step in which an 

15 aromatic dicarboxylic acid or an ester- forming 

derivative thereof and an aliphatic diol or an ester- 
forming derivative thereof are esterified to form a 
low condensate and a polycondensation step in which 
the low condensate is polycondensed in the presence of 

20 a polycondensation catalyst to increase the molecular 
weight, wherein: 

the polycondensation catalyst used is a catalyst 
comprising : 
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(I) a polycondensation catalyst component 
comprising a hydrolyzate (I-j) obtained by hydrolyzing 
a titanium compound or a hydrolyzate (I-k) obtained by 
hydrolyzing a mixture of a titanium compound and a 
compound of at least one element selected from 
elements other than titanium or a precursor of the 
compound, and 

(II) a co-catalyst component comprising a compound 
of at least one element selected from the group 
consisting of beryllium, magnesium, calcium, strontium, 
barium, boron, aluminum, gallium, manganese, cobalt, 
zinc, germanium, antimony and phosphorus; 

and 

the polycondensation catalyst component (I) is 
added to the esterif ication reactor before the 
beginning of the esterif ication reaction or 
immediately after the beginning of the esterif ication 
reaction. 

In the process for producing a polyester described 
above, the co-catalyst component (II) is preferably a 
magnes ium compound . 

A further embodiment of the process for producing 
a polyester according to the present invention is a 
process comprising polycondensing an aromatic 
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dicarboxylic acid or an ester-forming derivative 
thereof and an aliphatic diol or an ester-forming 
derivative thereof in the presence of a 
polycondensation catalyst selected from the following 
catalysts (1) to (3) and a phosphoric ester to produce 
a polyester; 

(1) a polycondensation catalyst comprising a 
hydrolyzate (I-m) obtained by hydro lyzing a titanium 
halide, 

(2) a polycondensation catalyst comprising a 
hydrolyzate (I-n) obtained by hydrolyzing a mixture of 
a titanium halide and a compound of at least one 
element selected from elements other than titanium or 
a precursor of the compound, and 

(3) a polycondensation catalyst comprising: 

the hydrolyzate (I-m) or (I-n), and 
a compound of at least one element selected 
from beryllium, magnesium, calcium, strontium, barium, 
boron, aluminum, gallium, manganese, cobalt, zinc, 
germanium and antimony, a phosphate or a phosphite. 

In the process for producing a polyester described 
above, the phosphoric ester is preferably tributyl 
phosphate, trioctyl phosphate or triphenyl phosphate. 
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A still further embodiment of the process for 
producing a polyester according to the present 
invention is a process comprising polycondensing an 
aromatic dicarboxylic acid or an ester-forming 
derivative thereof and an aliphatic diol or an ester- 
forming derivative thereof in the presence of a 
polycondensation catalyst selected from the following 
catalysts (1) to (3) and at least one compound 
selected from cyclic lactone compounds and hindered 
phenol compounds to produce a polyester; 

(1) a polycondensation catalyst comprising a 
hydrolyzate (I-m) obtained by hydrolyzing a titanium 
halide, 

(2) a polycondensation catalyst comprising a 
hydrolyzate (I-n) obtained by hydrolyzing a mixture of 
a titanium halide and a compound of at least one 
element selected from elements other than titanium or 
a precursor of the compound, and 

(3) a polycondensation catalyst comprising: 

the hydrolyzate (I-m) or (I-n) , and 
a compound of at least one element selected 
from beryllium, magnesium, calcium, strontium, barium, 
boron, aluminum, gallium, manganese, cobalt, zinc, 
germanium and antimony, a phosphate or a phosphite. 
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In the process for producing a polyester described 
above, at least one phosphorus compound selected from 
phosphoric acid and phosphoric esters can be further 
used in combination. 
5 The at lease one compound selected from cyclic 

lactone compounds and hindered phenol compounds is 
preferably a mixture of 5 , 7-di-t-butyl-3- (3 , 4- 
dime thy lphenyl) -3H-benzofuran-2-one, 
tetrakis (methylene-3 (3 , 5-di-t-butyl-4- 

10 hydroxypheny 1 ) propionate) methane and tris (2 , 4-di- t- 
buty lphenyl) phosphite . 

A still further embodiment of the process for 
producing a polyester according to the present 
invention is a process comprising an esterif ication 

15 step in which an aromatic dicarboxylic acid or an 

ester-forming derivative thereof and an aliphatic diol 
or an ester-forming derivative thereof are esterified 
to form a low condensate and a polycondensation step 
in which the low condensate is polycondensed in the 

20 presence of a polycondensation catalyst to increase 
the molecular weight, wherein: 

the polycondensation catalyst used is a catalyst 
comprising : 
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(I) a polycondensation catalyst component 
comprising a hydrolyzate (I-m) obtained by hydrolyzing 
a titanium halide or a hydrolyzate (I-n) obtained by 
hydrolyzing a mixture of a titanium halide and a 

5 compound of at least one element selected from 

elements other than titanium or a precursor of the 
compound, and 

(II) a co-catalyst component comprising a compound 
of at least one element selected from the group 

10 consisting of beryllium, magnesium, calcium, strontium, 
barium, boron, aluminum, gallium, manganese, cobalt, 
zinc, germanium, antimony and phosphorus; 
and 

a tint adjusting agent is added in the 
15 esterif ication step or the polycondensation step. 

In the process for producing a polyester described 
above, the tint adjusting agent is preferably at least 
one agent selected from Solvent Blue 104, Pigment Red 
263, Solvent Red 135, Pigment Blue 29, Pigment Blue 
20 15:1, Pigment Blue 15:3, Pigment Red 187 and Pigment 
Violet 19. 

The co-catalyst component (II) is preferably a 
magnesium compound. 
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Embodiments of the method for treacing a polyester 
according to the present invention include: 

a method for treating a polyester, comprising 
bringing a polyester, which is obtained by the use of 
5 a titanium compound catalyst and in which the reaction 
has been completed, into contact with a phosphorous 
acid aqueous solution, a hypophosphorous acid aqueous 
solution, a phosphoric ester aqueous solution, a 
phosphorous ester aqueous solution or a 
10 hypophosphorous ester aqueous solution, each of said 
solutions having a concentration of not less than 10 
ppm in terms of phosphorus atom; 

a method for treating a polyester, comprising 
bringing a polyester, which is obtained by the use of 
15 a titanium compound catalyst and in which the reaction 
has been completed, into contact with an organic 
solvent; and 

a method for treating a polyester, comprising 
bringing a polyester, which is obtained by the use of 
20 a titanium compound catalyst and in which the reaction 
has been completed, into contact with an organic 
solvent solution of phosphoric acid, an organic 
solvent solution of a phosphoric ester, an organic 
solvent solution of phosphorous acid, an organic 
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solvent solution of hypophosphorous acid, an organic 
solvent solution of a phosphorous ester or an organic 
solvent solution of a hypophosphorous ester, each of 
said solutions having a concentration of not less than 
10 ppm in terms of phosphorus atom. 

The polyester preferably has an intrinsic 
viscosity of not less than 0.50 dl/g, a density of not 
less than 1.37 g/cm 3 and an acetaldehyde content of not 
more than 5 ppm. 

The organic solvent is a solvent selected from 
alcohols, saturated hydrocarbons and ketones, 
preferably isopropanol or acetone. 

The phosphoric ester is preferably tributyl 
phosphate, triphenyl phosphate or trimethyl phosphate. 

The polyester used in the above method is 
preferably polyethylene terephthalate . 

One embodiment of the polyester according to the 
present invention is a polyester (P-l) obtained by 
polycondensing an aromatic dicarboxylic acid or an 
ester-forming derivative thereof and an aliphatic diol 
or an ester-forming derivative thereof in the presence 
of a catalyst for polyester production which 
comprises : 
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(I) a polycondensation catalyst component 
comprising the solid titanium compound (I-c) or the 
titanium-containing solid compound (I-d) , and 

(II) a co-catalyst component comprising a 
5 magnesium compound, 

wherein the titanium content is in the range of 1 

to 100 ppm, the magnesium content is in the range of 1 

to 200 ppm, and the weight ratio (Mg/Ti) of magnesium 

to titanium is not less than 0.01. 
10 The polyester (P-l) is preferably polyethylene 

terephthalate . 

Another embodiment of the polyester according to 

the present invention is a polyester (p-2) having the 

following properties: 
15 a titanium atom is contained in an amount of 0 . 1 

to 200 ppm, 

a metal atom M selected from beryllium, magnesium, 
calcium, strontium, barium, boron, aluminum, gallium, 
manganese, cobalt, zinc and antimony is contained in 
20 an amount of 0.1 to 500 ppm, 

the molar ratio {titanium atom/metal atom M) of 
the titanium atom to the metal atom M is in the range 
of 1/50 to 50/1, and 
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a tint adjusting agent is contained in an amount 
of 0.01 to 100 ppm. 

The polyester (P-2) is preferably polyethylene 
terephthaiate . 

5 A further embodiment of the polyester according to 

the present invention is a polyester (p-3) having the 
following properties: 

the intrinsic viscosity is not less than 0.50 dl/g, 

a titanium atom is contained in an amount of 0.1 
10 to 20 0 ppm, 

a metal atom M selected from beryllium, magnesium, 
calcium, strontium, barium, boron, aluminum, gallium, 
manganese, cobalt, zinc and antimony is contained in 
an amount of 0.1 to 500 ppm, 
15 the molar ratio (titanium atom/metal atom M) of 

the titanium atom to the metal atom M is in the range 
of 0.05 to 50, and 

the content of acetaldehyde is not more than 4 ppm, 
and when this acetaldehyde content is taken as W 0 ppm 
20 and a content of acecaldehyde in a stepped square 
plate molded product obtained by heating said 
polyester to a temperature of 275°C to melt it and 
molding the molten polyester is taken as W : ppm, the 
value of Wi-Wq is not more than 10 ppm. 
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In the polyester (P-3), the titanium atom is 
preferably one derived from a polycondensation 
catalyst obtained by hydrolysis of a titanium halide. 

The polyester (P-3) is preferably polyethylene 
5 terephthalate . 

A still further embodiment of the polyester 
according to the present invention is a polyester (P- 
4) having the following properties: 

the intrinsic viscosity is not less than 0.50 dl/g, 
10 a titanium atom is contained in an amount of 0.1 

to 2 00 ppm, 

a metal atom M selected from beryllium, magnesium, 
calcium, strontium, barium, boron, aluminum, gallium, 
manganese, cobalt, zinc and antimony is contained in 
15 an amount of 0.1 to 500 ppm, 

the molar ratio (titanium atom/metal atom M) of 
the titanium atom to the metal atom M is in the range 
of 0 . 05 to 50, and 

the content of a cyclic trimer is not more than 
20 0.5 % by weight, and when this cyclic trimer content 
is taken as x % by weight and a content of a cyclic 
trimer in a stepped square plate molded product 
obtained by heating said polyester to a temperacure of 
290°C co melt it and molding the molten polyester is 
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taken as y % by weight, x and y satisfy the following 
relation 

y ^ -0.2x +0.2. 

In the polyester (P-4) , the titanium atom is 
5 preferably one derived from a polycondensation 

catalyst obtained by hydrolysis of a titanium halide. 

The polyester (P-4) is preferably polyethylene 
terephthalate . 

A still further embodiment of the polyester 
10 according to the present invention is a polyester (P- 
5) having the following properties: 

when the ratio (L/T) of a flow length (L) to a 
flow thickness (T) in the injection molding of said 
polyester at 290°C is taken as Y and the intrinsic 
15 viscosity of a molded product obtained by the 

injection molding is taken as X (dl/g), X and Y 
satisfy the following relation 

Y ^ 647-500X. 

The polyester (P-5) is obtained by, for example, 
20 polycondensing an aromatic dicarboxylic acid or an 

ester-forming derivative thereof and an aliphatic diol 
or an ester-forming derivative thereof in the presence 
of: 
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a polycondensation catalyst comprising a 
hydrolyzate (I-m) obtained by hydrolyzing a titanium 
haiide, 

a polycondensation catalyst comprising a 
5 hydrolyzate (I-n) obtained by hydrolyzing a mixture of 
a titanium haiide and a compound of at least one 
element selected from elements other than titanium or 
a precursor of the compound, or 

a polycondensation catalyst comprising: 
10 (I) a polycondensation catalyst component 

comprising the hydrolyzate (I-m) or the hydrolyzate 
(I-n) , and 

(II) a co-catalyst component comprising a compound 
of at least one element selected from the group 
15 consisting of beryllium, magnesium, calcium, strontium, 
barium, boron, aluminum, gallium, manganese, cobalt, 
zinc, germanium, antimony and phosphorus. 

The compound of at least one element selected from 
elements other than titanium or the precursor of the 
20 compound is the same compound or precursor as 
previously described. 

The co-catalyst compound (II) is preferably a 
magnesium compound. 
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In the polyester (P-5), it is preferable thac the 
titanium atom content is in the range of 1 to 100 ppm, 
the magnesium atom content is in the range of 1 to 200 
ppm, and the weight ratio (Mg/Ti) of the magnesium 
5 atom to the titanium atom is not less than 0.01. 

The polyester (P-5) is preferably polyethylene 
terephthalate . 

One embodiment of the polyester molded product 
according to the present invention is a molded product 
10 obtained from the polyester (P-l) , and examples of the 
polyester molded products include a blow molded 
article, a film, a sheet and a fiber. 

Another embodiment of the polyester molded product 
according to the present invention is a blow molded 
15 article obtained from the polyester (P-4) and having a 
cyclic trimer content of not more than 0 . 6 % by weight. 

A further embodiment of the polyester molded 
product according to the present invention is a blow 
molded article preform or a blow molded article each 
20 of which is obtained from the polyester (P-5) . 
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Fig. 1 shows X-ray diffraction patterns to explain 
a method of measuring a crys tallinity of a solid 
titanium compound. 

Fig. 2 is a perspective view of a stepped square 
5 plate molded product used for measuring a haze, a 
content of a cyclic trimer and a content of 
acetaldehyde. 

DTrTATTiKD DESCRI PTION OF THK INVENTION 

10 The catalyst for polyester production according to 

the present invention, a process for producing a 
polyester using the catalyst, a polyester obtained by 
the process and uses of the polyester are described in 
detail hereinafter. 

15 One embodiment of the catalyst for polyester 

production according to the invention comprises a 
solid titanium compound (I-a) and/or a titanium- 
containing solid compound (I-b) described below, and 
if necessary, a co-catalyst component (II) described 

20 below. 

solid titani u m compound (T- a ), Ti tan jim-containing 

solid c ompound (I-b) 
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The solid titanium compound (I-a) of the invention 
is obtained by hydro ly zing a titanium halide and then 
dehydro -drying the resulting hydrolyzate. 

The titanium halide is a compound having at least 
5 one titanium atom-halogen atom bond in a molecule. 

Examples such compounds include titanium tetrahalides , 
such as titanium tetrachloride, titanium tetrabromide 
and titanium tetraiodide; titanium trihalides, such as 
titanium trichloride; titanium dihalides, such as 
10 titanium dichloride; and titanium monohalides . 

There is no specific limitation on the method to 
hydrolyze the titanium halide, and for example, there 
can be mentioned (1) a method of adding the titanium 
halide to water, (2) a method of adding water into the 
15 titanium halide, (3) a method of passing a gas 

containing vapor of the titanium halide through water, 
(4) a method of passing a gas containing water vapor 
through the titanium halide, (5) a method of 
contacting a gas containing the titanium halide with a 
20 gas containing water vapor. 

In the present invention, the method of hydrolysis 
is not specifically limited as described above, but in 
each method, it is necessary to allow a large excess 
of water to ace on the titanium halide and thereby 
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completely carry out the hydrolysis. If the 
hydrolysis is not completely carried out and if the 
resulting hydrolyzate is such a partial hydrolyzate as 
described in Japanese Patent Publication No. 
5 19477/1976, the polycondensation rate may be 
insufficient . 

The temperature for the hydrolysis is usually not 
higher than 100 °C, preferably in the range of 0 to 
70°C. 

O 10 The titanium-containing solid compound (I-b) of 

flJ the invention is obtained by hydrolyzing a mixture of 

W a titanium halide and a compound of at least one 

^3 element selected from elements other than titanium or 

H 1 a precursor of the compound (sometimes referred to as 

fi I 

J'W 15 a "compound of another element" hereinafter) and then 

j :3 dehydro -drying the resulting hydrolyzate. That is, 

the titanium compound is hydrolyzed in the presence of 
a compound of another element, and the resulting 
precipitate is dried to obtain the titanium-containing 
20 solid compound (I-b) . 

The compound of another element is a compound of 
at least one element selected from the group 
consisting of beryllium, magnesium, calcium, stronuium, 
barium, scandium, ytcrium, lanthanum, zirconium, 
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hafnium, vanadium, niobium, tantalum, chromium, 
molybdenum, tungsten, manganese, iron, ruthenium, 
cobalt, rhodium, nickel, palladium, copper, zinc, 
boron, aluminum, gallium, silicon, germanium, tin, 
antimony and phosphorus (each of these elements 
sometimes being referred to as " another element" 
hereinafter) , or a precursor of the compound. The 
compound of another element is, for example, a 
hydroxide . 

The compounds of another element can be used 
singly or in combination of two or more kinds. 

There is no specific limitation on the method to 
hydrolyze the mixture of the titanium halide and the 
compound of another element, and for example, there 
can be mentioned (1) a method of adding the titanium 
halide to water in which the compound of another 
element has been dissolved or suspended, (2) a method 
of adding a mixture of the titanium halide and the 
compound of another element to water, (3) a method of 
adding water to a mixture of the titanium halide and 
the compound of another element, (4) a method adding 
water, in which the compound of another element has 
been dissolved or suspended, to the titanium halide, 
(5) a method of passing a gas containing vapor of the 
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titanium halide through water in which the compound of 
another element has been dissolved or suspended, (6) a 
method of passing a gas containing vapor of the 
titanium halide and vapor of the compound of another 
5 element through water, (7) a method of passing a gas 
containing water vapor through a mixture of the 
titanium halide and the compound of another element, 
(8) a method of passing a gas containing water vapor 
and vapor of the compound of another element through 
10 the titanium halide, and (9) a method of contacting a 
gas containing the titanium halide, a gas containing 
the compound of another element and a gas containing 
water vapor with one another. 
IZ In the hydrolysis, the molar ratio (E/Ti) of 

I* 15 another element (E) in the compound of another element 

r" to titanium (Ti) in the titanium halide is desirably 

in the range of 1/50 to 50/1. The temperature for the 
hydrolysis is usually not higher than 10G°C, 
preferably in the range of 0 to 70°C. 
20 When the titanium halide or the mixture of the 

titanium halide and the compound of another element is 
hydrolyzed, the resulting liquid exhibits acidic 
property by virtue of hydrogen halide produced by the 
hydrolysis of che titanium halide. Because of the 
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acidic property, the hydrolysis is not compleced in 
some cases, so that a base may be added to perform 
neutralization. Examples of the bases (sometimes 
referred to as "neutralizing base(s)" hereinafter) 
employable herein include aqueous ammonia; hydroxides 
of Group 1 and Group 2 elements of the periodic table, 
such as sodium hydroxide, potassium hydroxide, 
magnesium hydroxide; carbonate (hydrogencarbonate) 
compounds of Group 1 and Group 2 elements of the 
periodic table, such as sodium carbonate, sodium 
hydrogencarbonate, potassium carbonate and potassium 
hydrogencarbonate; urea; and basic organic compounds. 
At the end point of the neutralization, the pH value 
is preferably not less than 4, 'and the neutralization 
is preferably carried out at a temperature of not 
higher than 70°C. 

The hydrolyzate of the titanium halide or the 
hydrolyzate of the mixture of the titanium halide and 
the compound of another element obtained by the 
hydrolysis is, in this scage, a gel of a hydrous 
hydroxide (sometimes called " orthotitanic acid") or a 
hydrous complex hydroxide gel. By dehydro -drying the 
hydrous hydroxide gel or the hydrous complex hydroxide 
gel, the solid titanium compound (I-a) or the 
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titanium-containing solid compound (I-b) according to 
the invention is obtained. Through the drying, a part 
of hydroxy 1 groups are removed. 

The drying can be carried ouc at ordinary pressure 
or under reduced pressure in a state of solid phase or 
a state where the gel is suspended in a liquid phase 
having higher boiling point than water. Although the 
drying temperature is not specifically limited, it is 
preferably not lower than 30°C and lower than 350°C. 
The hydrous hydroxide gel or the hydrous complex 
hydroxide gel may be washed with water before drying, 
or the solid titanium compound or the titanium- 
containing solid compound may be washed with water 
after drying, to remove water-soluble components. It 
is preferable to conduct the drying rapidly. 

Although the composition of the solid titanium 
compound (I-a) or the titanium-containing solid 
compound (I-b) obtained as above varies depending upon 
presence or absence of another element, amount thereof, 
washing or non-washing, method of drying and degree of 
drying, the molar ratio (OH/Ti) of a hydroxyl group 
(OH) to titanium (Ti) is usually more than 0.09 and 
less than 4, preferably in the range of 0.1 to 3, more 
preferably in the range of 0.1 to 2. The molar ratio 
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of a hydroxyl group to titanium can be determined by 
measuring an absorbed wacer content and a thermally 
desorbed water content, and can be specifically 
determined in the following manner. 
5 In order to determine the hydroxyl group content, 

the absorbed water content is first measured by a Karl 
Fischer's water content meter. Then, the weight loss 
on heating up to 600 °C is measured by 
thermogravimetric analysis. By heating up to 60 0 °C, 

10 the absorbed water is desorbed. It is considered that 
the hydroxyl group is eliminated as water, and 
therefore, the absorbed water content is subtracted 
from the weight loss on heating to obtain the hydroxyl 
group content. The titanium content in the titanium- 

15 containing solid compound is determined by a high- 
frequency plasma emission analyzer (Inductively 
coupled plasma spectroscopy) . From the titanium 
content and the hydroxyl group content, the OH/Ti 
ratio is determined. 
20 More specifically, in case of, for example, a 

solid titanium compound prepared using ammonia as a 
neutralizing agent and having a titanium content of 
46 % by weight, an absorbed wacer content of 6.73 % by 
weight, a weight loss on heating up to 600 °C of 
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9.67 % by weight, a nitrogen content of 1.3 % by 
weight and a chlorine content of 14 ppm, the OH/Ti 
ratio is calculated as described below. The nitrogen 
content is analyzed by an all nitrogen microanalyzer 
5 (chemiluminescence method) , and the chlorine content 
is analyzed by chromatography. 

The amount by mol of titanium in 100 g of the 
titanium-containing solid compound is calculated as 
follows . 

10 46 (Ti content) - 47.88 (atomic weight of Ti) = 

0.9607 

Nitrogen and chlorine in the solid titanium 
compound are eliminated as ammonia and hydrogen 
chloride, respectively, so that the thermally desorbed 
15 water content (% by weight) is determined as follows. 
9.67 (weight loss on 600°C heating) - (1.3 
(nitrogen content) x (17/14) (in terms of ammonia)) - 
(0.0014 (chlorine content) x (36.5/35.5) (in terms of 
hydrogen chloride)) = 8.090 
20 From the calculation result and the measured value 

of the absorbed water content, the thermally desorbed 
water content (% by weight) derived from the hydroxyl 
group is determined as follows. 
8.090 - 6.73 = 1.360 
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From the above, the amount by mol of the hydroxy! 
group is determined as follows. 
(1.360/18) x 2 = 0.1511 

From the above, the molar ratio (OH/Ti) of the 
hydroxyl group content to the titanium content in the 
solid titanium compound is determined as follows. 

0.1511 + 0.9607 = 0.157 

In the solid titanium compound (I-a) and the 
titanium-containing solid compound (I-b) , the hydroxyl 
group remains even at temperatures at which the 
polycondensation reaction is performed, e.g., about 
280°C. 

The fact that the solid titanium compound (I-a) 
and the titanium-containing solid compound (I-b) have 
a OH/Ti ratio in the above range and that the hydroxyl 
group remains therein even at temperatures at which 
the polycondensation reaction is performed, e.g., 
about 280°C, indicates that the solid titanium 
compound (I-a) and the titanium-containing solid 
compound (I-b) are inherently different from 
orthotitanic acid (represented by H 4 Ti0 4 , 
titanium : hydroxyl group (by mol) = 1:4) referred to in 
Japanese Patent Laid-Open Publication No. 57291/1977 
and Japanese Patent Publication 26597/1972, and are 
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inherently different from titanium oxide used as a 
catalyst for polyester production described in 
Japanese Patent Laid-Open Publication No. 156595/1975, 
etc . 

In the titanium-containing solid compound (I-b) 
according to the invention, the molar ratio (E/Ti) of 
another element (E) to titanium (Ti) is in the range 
of 1/50 to 50/1, preferably 1/40 to 40/1, more 
preferably 1/30 to 30/1. 

In the solid titanium compound (I -a) and the 
titanium-containing solid compound (I-b) according to 
the invention, the chlorine content is in the range of 
usually 0 to 10000 ppm, preferably 0 to 100 ppm. 

The solid titanium compound (I-a) or the titanium- 
containing solid compound (I-b) is used in combination 
with a co-catalyst (II) comprising the following co- 
catalyst compound, if desired. 

Co-catalyst compound 

The co-catalyst compound is a compound of at least 
one element selected from the group consisting of 
beryllium, magnesium, calcium, strontium, barium, 
boron, aluminum, gallium, manganese, cobalt, zinc, 
germanium, antimony and phosphorus. 
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Examples of the compounds of at least one element 
selected from the group consisting of beryllium, 
magnesium, calcium, strontium, barium, boron, aluminum, 
gallium, manganese, cobalt, zinc, germanium, antimony 
5 and phosphorus include aliphatic acid salts of these 
elements, such as acetates thereof; carbonates, 
sulfates and nitrates of these elements; halides of 
these elements, such as chlorides thereof; 
acetylacetonato salts of these elements; and oxides of 
10 these elements. Of these, preferable are acetates and 
carbonates . 

Examples of phosphorus compounds include 
phosphates and phosphites of at least one metal 
selected from Group 1 and Group 2 of the periodic 
15 table, transition metals of Period 4 of the periodic 
table, zirconium, hafnium and aluminum. 

The co-catalyst compounds employable in the 
invention are described below more specifically. 

Examples of aluminum compounds include an 
20 aliphatic acid aluminum salt such as aluminum acetate, 
aluminum carbonate, aluminum chloride, and an 
acetylacetonato salt of aluminum. Of these, aluminum 
acetate and aluminum carbonate are particularly 
preferable . 
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Examples of barium compounds include an aliphatic 
acid barium salt such as barium acetate, barium 
carbonate, barium chloride, and an acetylacetonato 
salt of barium. Of these, barium acetate and barium 
carbonate are particularly preferable. 

Examples of cobalt compounds include an aliphatic 
acid cobalt salt such as cobalt acetate, cobalt 
carbonate, cobalt chloride, and an acetylacetonato 
salt of cobalt. Of these, cobalt acetate and cobalt 
carbonate are particularly preferable. 

Examples of magnesium compounds include an 
aliphatic acid magnesium salt such as magnesium 
acetate, magnesium carbonate, magnesium chloride, and 
an acetylacetonato salt of magnesium. Of these, 
magnesium acetate and magnesium carbonate are 
particularly preferable. 

Examples of manganese compounds include an 
aliphatic acid manganese salt such as manganese 
acetate, manganese carbonate, manganese chloride, and 
an acetylacetonato salt of manganese. Of these, 
manganese acetate and manganese carbonate are 
particularly preferable. 

Examples of stroncium compounds include an 
aliphatic acid strontium sale such as strontium 
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acetate, strontium carbonate, stroncium chloride, and 
an acetylacetonato salt of strontium. Of these, 
strontium acetate and strontium carbonate are 
particularly preferable. 
5 Examples of zinc compounds include an aliphatic 

acid zinc salt such as zinc acetate, zinc carbonate, 
zinc chloride, and an acetylacetonato salt of zinc. 
Of these, zinc acetate and zinc carbonate are 
particularly preferable. 

10 Examples of germanium compounds include germanium 

dioxide and germanium acetate. 

Examples of antimony compounds include antimony 
dioxide and antimony acetate. 

Examples of the phosphates as the phosphorus 

15 compounds include lithium phosphate, lithium 

dihydrogenphosphate, dilithium hydrogenphosphate, 
sodium phosphate, sodium dihydrogenphosphate, disodium 
hydrogenphosphate, potassium phosphate, potassium 
dihydrogenphosphate, dipotassium hydrogenphosphate, 

20 strontium phosphate, strontium dihydrogenphosphate, 
distrontium hydrogenphosphate, zirconium phosphate, 
barium phosphate, aluminum phosphate and zinc 
phosphate. Of these, sodium phosphate, sodium 
dihydrogenphosphate, disodium hydrogenphosphate, 
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potassium phosphate, potassium dihydrogenphosphate and 
dipotassium hydrogenphosphate are particularly 
preferably employed. 

The phosphite as the phosphorus compound is a 
5 phosphite of at least one metal selected from alkali 
metals, alkaline earth metals, transition metals of 
Period 4 of the periodic table, zirconium, hafnium and 
aluminum. Examples of the phosphites include lithium 
phosphite, sodium phosphite, potassium phosphite, 

10 strontium phosphite, zirconium phosphite, barium 

phosphite, aluminum phosphite and zinc phosphite. Of 
these, sodium phosphite and potassium phosphite are 
particularly preferably employed. 

Of the above co-catalyst compounds, preferable are 

15 magnesium compounds, such as magnesium carbonate and 
magnesium acetate; calcium compounds, such as calcium 
carbonate and calcium acetate; and zinc compounds such 
as zinc chloride and zinc acetate. 

The co-catalyst compounds can be used singly or in 

20 combination of two or more kinds as the co-catalyst 
component . 

The co-catalyst component (II) is desirably used 
in such an amount that the molar ratio ((II)/(I-a)) of 
the metal atom in the co-catalyst component (II) to 
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titanium in the solid titanium compound (I-a) or the 
molar ratio ((II) /(I-b)) of the metal atom in the co- 
catalyst component (II) to titanium and another 
element in the titanium-containing solid compound (I- 
5 b) is in the range of 1/50 to 50/1, preferably 1/40 to 
40/1, more preferably 1/30 to 30/1. When a phosphorus 
compound such as a phosphate or a phosphite is used, 
the amount thereof is an amount in terms of a metal 
atom contained in the phosphorus compound. 

10 The production of a polyester using the above 

catalyst is carried out by the process described later, 
and in the polycondensation reaction of the process, 
the solid titanium compound (I-a) or the titanium- 
containing solid compound (I-b) is desirably used in 

15 an amount of 0.001 to 0 . 2 % by mol, preferably 0.002 
to 0.1 % by mol, in terms of a metal atom, based on 
the aromatic dicarboxylic acid units in the low 
condensate . 

When the co-catalyst component (II) is used in 
20 addition to the solid titanium compound (I-a) or the 
titanium-containing solid compound (I-b) , the co- 
cacalyst component (II) is desirably used in an amount 
of 0.001 to 0.5 % by mol, preferably 0.002 to 0.3 % by 
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moi, in terms of a metal atom, based on the aromatic 
dicarboxylic acid units in the low condensate. 

The catalyst for polyester production comprising 
the solid titanium compound (I-a) and/or the titanium- 
5 containing solid compound (I-b), and optionally, the 
co-catalyst component (II) is sufficient to be present 
during the polycondensation reaction. Therefore, the 
catalyst may by added in any of a starting slurry 
preparation step, an esterif ication step and a liquid 

10 phase polycondensation step. Further, the total 

amount of the catalyst may be added at once, or the 
catalyst may be added plural times by portions. When 
the co-catalyst component (II) is used in combination, 
it may be added in a step identical with or different 

15 from the step where the solid titanium compound (I-a) 
or the titanium-containing solid compound (I-b) is 
added . 

The polyester obtained by the use of the above- 
mentioned catalyst for polyester production is melt 
20 molded and used as blow molded articles (e.g., 

bottles), sheets, films, fibers, etc., but it is 
preferably used as bottles. 

The catalyst for polyester production described 
above can produce a polyescer with higher catalytic 
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activity as compared with a germanium compound or an 
antimony compound which has been heretofore used as a 
polycondensation catalyst. Further, when the catalyst 
for polyester production is used, a polyester having 
5 more excellent transparency and tint and lower 

acetaldehyde content can be obtained as compared with 
the case of using an antimony compound as a 
polycondensation catalyst. 

Another embodiment of the catalyst for polyester 

10 production according to the invention comprises a 
solid titanium compound (I-c) and a co-catalyst 
component (II) described below, or comprises a 
titanium-containing solid compound (I-d) and 
optionally a co-catalyst component (II) described 

15 below. 

S olid ti tanium com poun d (I -c) . Titanium-containing 

solid com pound (I-d) 
The solid titanium compound (I-c) of the invention 
is obtained by hydrolyzing a titanium halide and then 
20 dehydro -drying the resulting hydrolyzate. 

Examples the titanium halides include the same 
titanium halides as previously described. 

There is no specific limitation on the method to 
hydro lyze the titanium halide, and for example, the 
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aforesaid methods (1) to (5) used in the preparation 
of the solid titanium compound (I-a) are available. 

In the present invention, the method of hydrolysis 
is not specifically limited as described above, but in 
each method, it is preferable to allow a large excess 
of water to act on the titanium halide and thereby 
completely carry out the hydrolysis. The temperature 
for the hydrolysis is usually not higher than 100°C, 
preferably in the range of 0 to 70 °C. 

The solid titanium compound (I-c) is used in 
combination with the aforesaid co-catalyst component 
(II) comprising the co-catalyst compound. 

The titanium-containing solid compound (I-d) of 
the invention is obtained by hydrolyzing a mixture of 
the titanium halide and the compound of another 
element previously described and then dehydro -drying 
the resulting hydrolyzate. That is, the titanium 
compound is hydrolyzed in the presence of the compound 
of another element, and the resulting precipitate is 
subjected to solid-liquid separation, whereby the 
titanium-containing solid compound (I-d) is obtained. 

There is no specific limitation on the method to 
hydrolyze the mixcure of the titanium halide and the 
compound of another element, and for example, the 
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aforesaid methods (1) to (9) used in the preparation 
of the titanium-containing solid compound (I-b) are 
available . 

In the hydrolysis, the molar ratio (E/Ti) of the 
5 element (E) in the compound of another element to 

titanium (Ti) in the titanium halide is desirably in 
the range of 1/50 to 50/1. The temperature for the 
hydrolysis is usually not higher than 100°C, 
preferably in the range of 0 to 7 0°C. 

10 When the titanium halide or the mixture of the 

titanium halide and the compound of another element is 
hydrolyzed, the resulting liquid exhibits acidic 
property by virtue of hydrogen halide produced by the 
hydrolysis of the titanium halide. Because of the 

15 acidic property, the hydrolysis is not completed in 
some cases, so that the aforesaid neutralizing base 
may be added to perform neutralization. At the end 
point of the neutralization, the pH value is 
preferably not less than 4, and the neutralization is 
20 preferably carried oui at a temperature of not higher 
than 70°C. 

By dehydro -drying the hydrolyzate of the titanium 
halide or the hydrolyzate of che mixture of the 
titanium halide and the compound of another element 
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obtained by the hydrolysis (hydrous hydroxide gel or 
hydrous complex hydroxide gel) , the solid titanium 
compound (I-c) or the titanium-containing solid 
compound (I-d) is obtained. 
5 The drying can be carried out at ordinary pressure 

or under reduced pressure in a state of solid phase or 
a state where the gel is suspended in a liquid phase 
having higher boiling point than water. Although the 
drying temperature is not specifically limited, it is 

10 preferably not lower than 3 0°C and lower than 3 50°C. 
The hydrous hydroxide gel or the hydrous complex 
hydroxide gel may be washed with water before drying, 
or the solid titanium compound or the titanium- 
containing solid compound may be washed with water 

15 after drying, to remove water-soluble components. It 
is preferable to conduct the drying rapidly. 

Although the composition of the solid titanium 
compound (I-c) or the titanium-containing solid 
compound (I-d) obtained as above varies depending upon 

20 presence or absence of another element, amount thereof, 
washing or non-washing, method of drying and degree of 
drying, the molar ratio (OK/Ti) of a hydroxy 1 group 
(OH) to titanium (Ti) is usually more than 0 and less 
than 4, preferably in the range of 0.001 to 3, more 
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preferably in the range of 0.01 to 2. The molar ratio 
of a hydroxyl group to titanium can be determined by 
the aforesaid method. 

In the solid titanium compound (I-c) and the 
titanium-containing solid compound (I-d) , the hydroxyl 
group remains even at temperatures at which the 
polycondensation reaction is performed, e.g., about 
280°C. 

In the titanium-containing solid compound (I-d), 
the molar ratio (E/Ti) of another element (E) to 
titanium (Ti) is in the range of 1/50 to 50/1, 
preferably 1/40 to 40/1, more preferably 1/30 to 30/1. 

In the solid titanium compound (I-c) and the 
titanium-containing solid compound (I-d) , the chlorine 
content is in the range of usually 0 to 10000 ppm, 
preferably 0 to 100 ppm. 

The solid titanium compound (I-c) is used in 
combination with the aforesaid co-catalyst component 
(II). The titanium-containing solid compound (I-d) is 
used in combination with the co-catalyst: component 
(II) , if desired. 

The co-catalyst component (II) is desirably used 
in such an amount thac the molar ratio ((II) /(I-c)) of 
che metal atom in the co-catalyst component (II) to 



SF-648 



55 



titanium in the solid titanium compound (I-c) or the 
molar racio ((II)/(I-d)) of the menal atom in the co- 
catalyst component (II) to titanium and another 
element in the titanium-containing solid compound (I- 
5 d) is in the range of 1/50 to 50/1, preferably 1/40 to 
40/1, more preferably 1/30 to 30/1. When a phosphorus 
compound such as a phosphate or a phosphite is used, 
the amount thereof is an amount in terms of a metal 
atom contained in the phosphorus compound. When a 

10 magnesium compound is used as the co-catalyst 

component (II), the magnesium compound is desirably 
used in such an amount that the weight ratio (Mg/(I- 
c) ) of Mg atom in the magnesium compound to titanium 
in the solid titanium compound (I-c) or the weight 

15 ratio (Mg/(I-d)) of Mg atom in the magnesium compound 
to titanium and another element in the titanium- 
containing solid compound (I-d) is not less than 0.01, 
preferably in the range of 0.06 to 10, particularly 
preferably in the range of 0.06 to 5. If the 

20 magnesium compound is used in the above amount, the 
resulting polyester has excellent transparency. 

The production of a polyester using the above 
catalyst is carried out by the process described later, 
and in the polycondensation reaction of the process, 
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the solid titanium compound (I-c) or the titanium- 
containing solid compound (I-d) is desirably used in 
an amount of 0.001 to 0 . 2 % by mol, preferably 0.002 
to 0 . 1 % by mol, in terms of a metal atom, based on 
5 the aromatic dicarboxylic acid units in the low 
condensate . 

The amount of the co-catalyst component (II), 
which is used in combination with the solid titanium 
compound (I-c) or which is optionally used when the 

10 titanium-containing solid compound (I-d) is used, is 
desired to be in the range of 0.001 to 0.5 % by mol, 
preferably 0.0 02 to 0.3 % by mol, in terms of a metal 
atom, based on the aromatic dicarboxylic acid units in 
the low condensate . 

15 The polyester produced by the use of the above 

catalyst for polyester production, for example, 
polyethylene terephthalate , is excellent in tint, 
particularly in transparency, and has a low content of 
acetaldehyde . 

20 The polyester obtained by the use of the above 

catalyst for polyester production can be used as a 
material of various molded products. For example, the 
polyester is melt molded and used as blow molded 
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articles (e.g., bottles), sheets, films, fibers, etc., 
but it is particularly preferably used as bottles. 

In order to produce bottles, sheets, films, fibers, 
etc. from the polyester such as polyethylene 
5 terephthalate, hitherto known processes are available. 

The catalyst for polyester production described 
above can produce a polyester with higher catalytic 
activity as compared with a germanium compound or an 
antimony compound which has been heretofore used as a 
10 polycondensation catalyst. Further, when the catalyst 
for polyester production is used, a polyester having 
more excellent transparency and tint and lower 
acetaldehyde content can be obtained as compared with 
the case of using an antimony compound as a 
15 polycondensation catalyst. Moreover, polyethylene 

terephthalate obtained by the use of the catalyst for 
polyester production and molded products formed from 
the polyethylene terephthalate have excellent 
transparency and tint and have a low content of 
20 acetaldehyde. 

A further embodiment of the catalyse for polyester 
production according to the invention comprises a 
solid titanium compound (I-e), a solid titanium 
compound (I-f), the titanium-containing solid compound 
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(I-g) or a titanium-containing solid compound (I-h) 
described below, and optionally, a co-catalyst 
component (II) described below. 

Solid titanium compound (I-e) or (I-f) , Titanium- 
5 containing solid compound (i-g) or LL=h} 

The solid titanium compound (I-e) of the invention 
is obtained by a process comprising bringing a 
titanium halide into contact with water to hydrolyze 
the titanium halide and thereby obtain an acid 

10 solution containing a hydrolyzate of the titanium 

halide, rendering the solution basic by the use of a 
base, then adjusting pH of the solution to 2 to 6 by 
the use of an acid, and dehydro- drying the resulting 
precipitate. The solid titanium compound (I-f) is 

15 obtained by a process comprising bringing a titanium 
halide into contact with water to hydrolyze the 
titanium halide and thereby obtain an acid solution 
containing a hydrolyzate of the titanium halide, 
adjusting pH of the solution to 2 to 6 by the use of a 

20 base, and dehydro -drying the resulting precipitate. 

Examples the titanium halides used for preparing 
the solid titanium compound (I-e) and the solid 
titanium compound (I-f) include the same titanium 
halides as previously described. 
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In each of the processes to prepare the solid 
titanium compound (I-e) and the solid titanium 
compound (I-f ) , there is no specific limitation on the 
method to hydrolyze the titanium halide, and for 
example, the aforesaid methods (1) to (5) used in the 
preparation of the solid titanium compound (I-a) are 
available . 

In the present invention, the method of hydrolysis 
is not specifically limited as described above, but in 
each method, it is preferable to allow a large excess 
of water to act on the titanium halide and thereby 
completely carry out the hydrolysis. The temperature 
for the hydrolysis is usually not higher than 100°C, 
preferably in the range of 0 to 70°C. 

By hydrolyzing the titanium halide as described 
above, an acid solution containing a hydrolyzate of 
the titanium halide is obtained. The pH of the acid 
solution is usually about 1. 

In the preparation of the solid titanium compound 
(I-e), the acid solution containing the hydrolyzate is 
rendered basic (pH 9 co 12, preferably pH 9 to 11) by 
the use of a base and then adjusted to pH 2 to 6, 
preferably pH 3 to 6, by the use of an acid. The 
temperature used herein is usually not higher than 
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50°C, preferably not higher than 40°C. Adjustment of 
the solution to pH 2 to 6 results in a precipitate. 

Examples of the bases include ammonia, sodium 
hydroxide, potassium hydroxide, sodium carbonate and 
5 potassium carbonate. Of these, ammonia and sodium 
hydroxide are preferable. Examples of the acids 
include acetic acid and nitric acid. Of these, acetic 
acid is preferable. 

When the acid solution containing the hydrolyzate 
10 is temporarily made basic and then made acidic to form 
a precipitate as described above, the dehydration 
after solid-liquid separation can be carried out for a 
short period of time. In addition, nitrogen, sodium, 
potassium or the like derived from the base hardly 
15 remains in the resulting solid titanium compound (I-e) , 
and hence this solid titanium compound becomes a 
catalyst for polyester production having excellent 
polycondensation activity and capable of producing a 
polyester of high quality. 
20 In the preparation of the solid titanium compound 

(I-f), the acid solution containing the hydrolyzate is 
adjusted to pH 2 to 6, preferably pH 3 to 6 , by the 
use of a base. The temperature used herein is usually 
not higher than 50°C, preferably not higher than 40°C. 
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Adjustment of the solution to pH 2 to 6 results in a 
precipitate . 

Examples of the bases include the same bases as 
used in the preparation of the solid titanium compound 
5 (I-e) . Of these, ammonia and sodium hydroxide are 
preferable . 

When the acid solution containing the hydrolyzate 
is adjusted to pH 2 to 6 to form a precipitate as 
described above, the dehydration after solid-liquid 

10 separation can be carried out for a short period of 

time. In addition, nitrogen, sodium, potassium or the 
like derived from the base hardly remains in the 
resulting solid titanium compound (I-f ) , and hence 
this solid titanium compound becomes a catalyst for 

15 polyester production having excellent polycondensation 
activity and capable of producing a polyester of high 
quality. 

In each of the processes to prepare the solid 
titanium compound (I-e) and the solid titanium 
20 compound (I-f), pH of the acid solution is adjusted to 
2 to 6 to form a precipitate. This precipitate in 
this stage is a gel of a hydrous hydroxide sometimes 
called "orthotitanic acid" . The hydrous hydroxide gel 
is dehydro-dried co obtain the solid titanium compound 
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(I-e) or the solid titanium compound (I-f) according 
to the invention. Through the dehydro- drying , a part 
of the hydroxy 1 groups contained in the hydrous 
hydroxide gel are removed. 
5 As described above, pH of the acid solution is 

adjusted to 2 to 6 to form a precipitate, and the 
precipitate is subjected to solid-liquid separation 
and then dried, whereby the solid titanium compound 
(I-e) or the solid titanium compound (I-f) is obtained. 

10 The drying is carried out at ordinary pressure or 

under reduced pressure in a state of solid phase or a 
state where the gel is suspended in a liquid phase 
having higher boiling point than water. Although the 
drying temperature is not specifically limited, it is 

15 preferably not lower than 3 0°C and lower than 3 50°C. 
The hydrous hydroxide gel may be washed with water 
before drying, or the solid titanium compound (I-e) 
and the solid titanium compound (I-f) may be washed 
with water after drying, to remove water-soluble 

20 components. It is preferable to conduct the drying 
rapidly. 

The titanium-containing solid compound (I-g) is 
obcained by a process comprising bringing a mixture of 
a titanium halide and the aforesaid compound of 
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another element into contact with water to hydrolyze 
the titanium halide and thereby obtain an acid 
solution containing a hydrolyzate of the titanium 
halide, rendering the solution basic by the use of a 
5 base, then adjusting pH of the solution to 2 to 6 by 
the use of an acid, and dehydro -drying the resulting 
precipitate. The titanium-containing solid compound 
(I-h) is obtained by a process comprising bringing a 
titanium halide and a compound of at least one element 

10 selected from elements other than titanium or a 

precursor of the compound into contact with water to 
hydrolyze the titanium halide and thereby obtain an 
acid solution containing a hydrolyzate of the titanium 
halide, adjusting pH of the solution to 2 to 6 by the 

15 use of a base, and dehydro -drying the resulting 
precipitate . 

Examples the titanium halides used for preparing 
the titanium-containing solid compound (I-g) and the 
titanium-containing solid compound (I-h) include the 
20 same titanium halides as previously described. 

The compounds of another element can be used 
singly or in combination of two or more kinds. 

In each of the processes to prepare the titanium- 
containing solid compound (I-g) and the titanium- 
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containing solid compound (I-h), there is no specific 
limitation on the method to hydrolyze the mixture of 
the titanium halide and the compound of another 
element, and for example, the aforesaid methods (1) to 
5 (9) used in the preparation of the titanium-containing 
solid compound (I-b) are available. 

In the present invention, the method of hydrolysis 
is not specifically limited as described above, but in 
each method, it is preferable to allow a large excess 

10 of water to act on the mixture of the titanium halide 
and the compound of another element and thereby 
completely carry out the hydrolysis. 

In the hydrolysis, the molar ratio (E/Ti) of the 
element (E) in the compound of another element to 

15 titanium (Ti) in the titanium halide is desirably in 
the range of 1/50 to 50/1. The temperature for the 
hydrolysis is usually not higher than 100°C, 
preferably in the range of 0 to 70°C. 

By hydrolyzing the mixture of the titanium halide 

20 and the compound of another element as described above, 
an acid solution containing a hydrolyzate of the 
titanium halide and the compound of another element is 
obtained. The pH of the acid solution is usually 
about 1. 
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In the preparation of the titanium-containing 
solid compound (I-g) , the acid solution containing the 
hydrolyzate and the compound of another element is 
rendered basic (pH 9 to 12, preferably pH 9 to 11) by 
the use of a base and then adjusted to pH 2 to 6, 
preferably pH 3 to 6, by the use of an acid. The 
temperature used herein is usually not higher than 
50°C, preferably not higher than 40°C. Adjustment of 
the solution to pH 2 to 6 results in a precipitate. 

Examples of the bases include the same bases as 
used in the preparation of the solid titanium compound 
(I-e) . Of these, ammonia and sodium hydroxide are 
preferable. Examples of the acids include the same 
acids as used in the preparation of the solid titanium 
compound (I-e) . Of these, acetic acid is preferable. 

When the acid solution containing the hydrolyzate 
and the compound of another element is temporarily 
made basic and then made acidic to form a precipitate 
as described above, the dehydration after solid-liquid 
separation can be carried out for a short period of 
time. In addition, nitrogen, sodium, potassium or the 
like derived from the base hardly remains in the 
resulting titanium-containing solid compound (I-g) , 
and hence this ti tanium-concaining solid compound 
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becomes a catalyst for polyester production having 
excellent polycondensation activity and capable of 
producing a polyester of high quality. 

In the preparation of the titanium-containing 
5 solid compound (I-h) , the acid solution containing the 
hydrolyzate and the compound of another element is 
adjusted to pH 2 to 6, preferably pH 3 to 6, by the 
use of a base. The temperature used herein is usually 
not higher than 50°C, preferably not higher than 40°C. 
10 Adjustment of the solution to pH 2 to 6 results in a 
precipitate . 

Examples of the bases include the same bases as 
used in the preparation of the solid titanium compound 
(I-e) . Of these, ammonia and sodium hydroxide are 
15 preferable . 

When the acid solution containing the hydrolyzate 
and the compound of another element is adjusted to pH 
2 to 6 to form a precipitate as described above, the 
dehydration after solid-liquid separation can be 
20 carried out for a short period of time. In addition, 
nitrogen, sodium, potassium or the like derived from 
the base hardly remains in the resulting titanium- 
containing solid compound (I-h), and hence this 
titanium-containing solid compound becomes a catalyst 
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for polyester production having excellent 
polycondensation activity and capable of producing a 
polyester of high quality. 

In each of the processes to prepare the titanium- 
5 containing solid compound (I-g) and the titanium- 
containing solid compound (I-h), pH of the acid 
solution is adjusted to 2 to 6 to form a precipitate. 
This precipitate in this stage is a hydrous complex 
hydroxide gel containing a hydrous hydroxide sometimes 

10 called "orthotitanic acid". The hydrous complex 

hydroxide gel is dehydro-dried to obtain the titanium- 
containing solid compound (I-g) or the titanium- 
containing solid compound (I-h) according to the 
invention. Through the dehydro- drying, a part of the 

15 hydroxyl groups contained in the hydrous complex 
hydroxide gel are removed. 

The drying is carried out at ordinary pressure or 
under reduced pressure in a state of solid phase or a 
state where the gel is suspended in a liquid phase 

20 having higher boiling point than water. Although the 
drying temperature is not specifically limited, it is 
preferably not lower than 30°C and lower than 350°C. 
The hydrous complex hydroxide gel may be washed with 
water before drying, or the titanium-containing solid 
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compound (I-g) and the titanium-containing solid 
compound (I-h) may be washed with water after drying, 
to remove water-soluble components. It is preferable 
to conduct the drying rapidly. 
5 Although the composition of the solid titanium 

compound (I-e) , the solid titanium compound (I-f ) , the 
titanium-containing solid compound (I-g) or the 
titanium-containing solid compound (I-h) obtained as 
above varies depending upon presence or absence of 

10 another element, amount thereof, washing or non- 
washing, method of drying and degree of drying, the 
molar ratio (OH/Ti) of a hydroxyl group (OH) to 
titanium (Ti) is usually more than 0.09 and less than 
4, preferably in the range of 0.1 to 3, more 

15 preferably in the range of 0.1 to 2. The molar ratio 
of a hydroxyl group to titanium can be determined by 
measuring an absorbed water content and a thermally 
desorbed water content, specifically by the aforesaid 
method. 

20 In the solid titanium compound (I-e) , the solid 

titanium compound (I-f) , the titanium-containing solid 
compound (I-g) and the titanium-containing solid 
compound (I-h) , the hydroxyl group remains even at 
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temperatures at which the polycondensation reaction is 
performed, e.g., about 280°C. 

In the titanium-containing solid compound (I-g) 
and the titanium-containing solid compound (I-h) , the 
5 molar ratio (E/Ti) of another element (E) to titanium 
(Ti) is in the range of 1/50 to 50/1, preferably 1/40 
to 40/1, more preferably 1/30 to 30/1. 

In the solid titanium compound (I-e) , the solid 
titanium compound (I-f ) , the titanium-containing solid 
10 compound (I-g) and the titanium-containing solid 

compound (I-h) , the chlorine content is in the range 
of usually 0 to 10000 ppm, preferably 0 to 100 ppm. 

Examples of the co-catalyst components (II) 
optionally used in combination with the solid titanium 
15 compound (I-e), the solid titanium compound (I-f), the 
titanium-containing solid compound (I-g) or the 
titanium-containing solid compound (I-h) include the 
same co-catalyst compounds as previously described. 
Of these, preferable are magnesium compounds such as 
20 magnesium carbonate and magnesium acetate; calcium 
compounds such as calcium carbonate and calcium 
acetate; and zinc compounds such as zinc chloride and 
zinc acetate. The co-catalyst compounds can be used 
singly or in combination of two or more kinds. 
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The co-catalyst component (II) is desirably used 
in such an amount that the molar ratio ((II) /(I-e) or 
(I-f ) ) of the metal atom in the co-catalyst component 
(II) to titanium in the solid titanium compound (I-e) 
5 or the solid titanium compound (I-f) or the molar 

ratio ((II)/{I-g) or (I-h) ) of the metal atom in the 
co-catalyst component (II) to titanium and another 
element in the titanium-containing solid compound (I- 
g) or the titanium-containing solid compound (I-h) is 

10 in the range of 1/50 to 50/1, preferably 1/40 to 40/1, 
more preferably 1/3 0 to 3 0/1. When a phosphorus 
compound such as a phosphate or a phosphite is used, 
the amount thereof is an amount in terms of a metal 
atom contained in the phosphorus compound. When a 

15 magnesium compound is used as the co-catalyst 

component (II), the magnesium compound is desirably 
used in such an amount that the weight ratio (Mg/(I-e) 
or (I-f)) of Mg atom in the magnesium compound to 
titanium in the solid titanium compound (I-e) or the 

20 solid titanium compound (I-f) or the weight ratio 
(Mg/(I-g) or (I-h)) of Mg atom in the magnesium 
compound to titanium and another element in the 
titanium-containing solid compound (I-g) or the 
titanium-containing solid compound (I-h) is not less 
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than 0.01, preferably in the range of 0.06 to 10, 
particularly preferably in the range of 0.06 to 5. If 
the magnesium compound is used in the above amount, 
the resulting polyester has excellent transparency. 

The production of a polyester using the above 
catalyst is carried out by the process described later, 
and in the polycondensation reaction, the solid 
titanium compound (I-e) , the solid titanium compound 
(I-f ) , the titanium-containing solid compound (I-g) or 
the titanium-containing solid compound (I-h) is 
desirably used in an amount of 0.001 to 0.2 % by mol, 
preferably 0.002 to 0 . 1 % by mol, in terms of a metal 
atom, based on the aromatic dicarboxylic acid units in 
the low condensate. 

When the co-catalyst component (II) is used in 
addition to the solid titanium compound (I-e) , the 
solid titanium compound (I-f) , the titanium-containing 
solid compound (I-g) or the titanium-containing solid 
compound (I-h) , the amount of the co-catalyst 
component (II) is desired co be in the range of 0.001 
to 0.5 % by mol, preferably 0.002 to 0 . 3 % by mol, in 
terms of a metal atom, based on the aromatic 
dicarboxylic acid units in the low condensate. 
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The catalyst comprising one of the solid titanium 
compound (I-e) , the solid titanium compound (I-f) , the 
titanium-containing solid compound (I-g) and the 
titanium-containing solid compound (I-h), and 
5 optionally, the co-catalysc component (II) is 

sufficient to be present during the polycondensation 
reaction. Therefore, the catalyst may by added in any 
of a starting slurry preparation step, an 
esterif ication step and a liquid phase 
p 10 polycondensation step. Further, the total amount of 

fy the catalyst may be added at once, or the catalyst may 

hi be added plural times by portions. When the co- 

il catalyst component (II) is used in combination, it may 

M be added in a step identical with or different from 

fU 15 the step where the solid titanium compound (I-e) , the 

O solid titanium compound (I-f), the titanium-containing 

solid compound (I-g) or the titanium-containing solid 
compound (I-h) is added. 

The catalyst for polyester production, 
20 particularly a catalyst comprising the solid titanium 
compound (I-e) , the solid titanium compound (I-f) , the 
titanium-containing solid compound (I-g) or the 
titanium-containing solid compound (I-h) and the co- 
catalyst component (II) that is a magnesium compound, 
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is favorable as a catalyst for producing polyethylene 
terephthalate. In order to produce polyethylene 
terephthalate using the catalyst comprising the solid 
titanium compound (I-e), the solid titanium compound 
5 (I-f ) , the titanium-containing solid compound (I-g) or 
the titanium-containing solid compound (I-h) and the 
magnesium compound, for example, terephthalic acid or 
an ester-forming derivative thereof, ethylene glycol 
or an ester-forming derivative thereof, and optionally, 

10 an aromatic dicarboxylic acid other than terephthalic 
acid and/or an aliphatic diol other than ethylene 
glycol are used as starting materials, and they are 
subjected to esterif ication, liquid phase 
polycondensation, and if necessary, solid phase 

15 polycondensation in accordance with the process 
described later. 

In the production of polyethylene terephthalate, 
terephthalic acid or an ester-forming derivative 
thereof is used in an amount of not less than 80 % by 

20 mol, preferably not less than 90 % by mol, based on 
100 % by mol of the aromatic dicarboxylic acids, and 
ethylene glycol or an ester-forming derivative thereof 
is used in an amounc of not less than 80 % by mol, 
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preferably not less than 90 % by mol, based on 100 % 
by mol of the aliphatic diols. 

In the resulting polyethylene terephthalate , the 
titanium content is preferably in the range of 1 to 
200 ppm, particularly 1 to 100 ppm, and the magnesium 
content is preferably in the range of 1 to 200 ppm, 
particularly 1 to 100 ppm. The weight ratio (Mg/Ti) 
of magnesium to titanium contained in the polyethylene 
terephthalate is desired to be not less than 0.01, 
preferably 0.06 to 10, particularly preferably 0.06 to 
5. In the polyethylene terephthalate, further, the 
chlorine content is in the range of 0 to 10 0 0 ppm, 
preferably 0 to 100 ppm. 

The polyethylene terephthalate is excellent in 
tint, particularly in transparency, and has a low 
content of acetaldehyde . Such polyethylene 
terephthalate is particularly preferably used for 
bottles . 

The polyester obtained by the use of the above 
catalyst for polyester production can be used as a 
material of various molded products. For example, the 
polyester is melt molded and used as blow molded 
articles (e.g., bottles), sheets, films, fibers, ecc, 
but ic is particularly preferably used as bottles. 
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In order to produce bottles, sheets, films, fibers, 
etc. from the polyester such as polyethylene 
terephthalate, hitherto known processes are available. 

The catalyst for polyester production described 
above can produce a polyester with higher catalytic 
activity as compared with a germanium compound or an 
antimony compound which has been heretofore used as a 
polycondensation catalyst. Further , when the catalyst 
for polyester production is used, a polyester having 
more excellent transparency and tint and lower 
acetaldehyde content can be obtained as compared with 
the case of using an antimony compound as a 
polycondensation catalyst. 

A still further embodiment of the catalyst for 
polyester production according to the invention 
comprises a solid titanium compound (I-i) described 
below and if necessary a co-catalyst component (II) 
described below. 

Solid titan i um com po u n d (I - i) 
The solid titanium compound (I-i) of the invention 
is obtained by dehydro -drying titanium hydroxide. The 
titanium hydroxide can be obtained by, for example, 
hydrolyzing a ticanium compound. 
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The titanium compound used for the hydrolysis is, 
for example, a titanium halide or a titanium alkoxide. 

Examples of the titanium halides include the same 
titanium halides as previously described. Examples of 
5 the titanium alkoxides include titanium butoxide and 
titanium tetraisopropoxide . 

It is a preferred embodiment of the present 
invention to use a titanium halide as the titanium 
compound. The method of hydrolyzing the titanium 
10 halide is described below in detail, and hydrolysis of 
the titanium alkoxide can be carried out in a manner 
similar to that described below. 

There is no specific limitation on the method to 
hydrolyze the titanium halide, and for example, the 
15 aforesaid methods (1) to (5) used in the preparation 
of the solid titanium compound (I-a) are available. 

In the present invention, the method of hydrolysis 
is not specifically limited as described above, but in 
each method, it is preferable to allow a large excess 
20 of water to act on the titanium halide and thereby 
completely carry out the hydrolysis. 

The temperature for the hydrolysis is usually not 
higher than 60°C, preferably in the range of 0 to 50°C. 
When the hydrolysis is carried out at the above 
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temperature, a solid titanium compound having a low 
crystallinity tends to be obtained. 

In the hydrolysis of the titanium halide, the 
compound of another element previously described may 
5 be present. The compounds of another element can be 
used singly or in combination of two or more kinds. 

In the hydrolysis, the molar ratio (E/Ti) of 
another element (E) in the compound of another element 
to titanium (Ti) in the titanium halide is desirably 

10 in the range of 1/50 to 50/1. The temperature for the 
hydrolysis is usually not higher than 60°C / preferably 
in the range of 0 to 50 °C. When the hydrolysis is 
carried out at the above temperature, a solid titanium 
compound having a low crystallinity tends to be 

15 obtained. 

When the titanium halide is hydrolyzed, the 
resulting liquid exhibits acidic property by virtue of 
hydrogen halide produced by the hydrolysis of the 
titanium halide. Because of the acidic property, the 

20 hydrolysis is not completed in some cases, so that the 
aforesaid neutralizing base may be added to perform 
neutralization. At the end point of the 
neutralization, the pH value is preferably not less 
than 4, and the neutralization is desirably carried 
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out at a temperature of not higher than 60 °C, 
preferably 0 to 50 °C. When the neutralization is 
carried out at the above temperature, a solid titanium 
compound having a low crystal linity tends to be 
obtained. 

The compound containing titanium or the compound 
containing titanium and another element obtained by 
the hydrolysis is, in this stage, a gel of a hydrous 
hydroxide (sometimes called "orthotitanic acid"). 

In the present invention, the hydrous hydroxide 
gel is dehydro-dried to give a solid hydrolyzate 
(solid titanium compound) . Through the drying, a part 
of hydroxyl groups are removed. 

Drying of the hydrolyzate can be carried out at 
ordinary pressure or under reduced pressure in a state 
of solid phase or a state where the hydrolyzate is 
suspended in a liquid phase having higher boiling 
point than water. Although the drying temperature is 
not specifically limited, it is preferably not lower 
than 3 0°C and lower than 3 50°C, particularly 
preferably in the range of 30 to 200°C. When the 
drying of the hydrolyzate is carried out at the above 
temperature, a solid titanium compound having a low 
crystallinity tends to be obtained. 
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The hydrous hydroxide gel may be washed with water 
before drying, or the solid citanium compound may be 
washed with water after drying, to remove water- 
soluble components. It is preferable to conduct the 
5 drying rapidly. 

The solid titanium compound (I-i) thus obtained 
has a crystallinity, as calculated from an X-ray 
diffraction pattern having 29 (diffraction angle) of 
18° to 35° , of not more than 50 %, preferably not more 
10 than 45 %, particularly preferably not more than 40 %, 
or is amorphous. The solid titanium compound having 
the above crystallinity exhibits excellent activity as 
a polycondensation catalyst used for polyester 
production. 

15 The crystallinity of the solid titanium compound 

(I-i) is measured by, for example, the following 
method. 

In Fig. 1, X-ray diffraction patterns to explain a 
method of measuring a crystallinity of a solid 
20 titanium compound are shown. 

An X-ray diffraction pattern (Fig. 1(A)) of a 
sample and an X-ray diffraction pattern (Fig. 1(B)) of 
an amorphous solid titanium compound are measured. 
Under the conditions that the base line is taken 
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between 18° and 35° and the position of 29 (= 28. 5°, 
being a position which does not hinder the crystal 
peak) of the X-ray diffraction pattern of the 
amorphous solid titanium compound is taken as a base, 
5 the pattern of Fig. 1(B) is reduced in the intensity 
direction so as to be overlapped with the X-ray 
diffraction pattern of the sample, whereby a pattern 
of Fig. 1(C) is drawn. 

From the thus synthesized pattern, an area (I 0 ) of 

10 the X-ray diffraction pattern (except the background) 
of the sample within the diffraction angle range of 
18° to 35° and an area (I a ) of the X-ray diffraction 
pattern (except the background) of the amorphous solid 
titanium compound within the diffraction angle range 

15 of 18° to 35° are measured, and the crystallinity (%) 
is determined as a value of ( Io~I a ) / ( I o) x 100 . 

Although the composition of the solid titanium 
compound (I-i) varies depending upon presence or 
absence of another element, amount thereof, washing or 

20 non-washing, method of drying and degree of drying, 
the molar ratio (OH/Ti) of a hydroxyl group (OH) to 
titanium (Ti) is usually more than 0.0 9 and less than 
4, preferably in the range of 0.1 to 3, more 
preferably in the range of 0.1 to 2, from the 
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viewpoint of polymerization activity. The molar ratio 
of a hydroxy 1 group to titanium can be determined by 
measuring an absorbed water content and a thermally 
desorbed water content, and can be specifically 
5 determined by the aforesaid method. 

When the solid titanium compound (I-i) contains 
another element, the molar ratio (E/Ti) of another 
element (E) to titanium (Ti) in this compound is in 
the range of 1/50 to 50/1, preferably 1/40 to 40/1, 
10 more preferably 1/30 to 30/1. 

In the solid titanium compound (I-i) , the chlorine 
content is in the range of usually 0 to 10000 ppm, 
preferably 0 to 100 ppm. 

In the solid titanium compound (I-i) , the hydroxyl 
15 group remains even at temperatures at which the 

polycondensation reaction is performed, e.g., about 
280°C. 

The solid titanium compound (I-i) is used in 
combination with a co-catalyst component (II) , if 
20 desired. Examples of the co-catalyst components (II) 
optionally used in combination include the same co- 
catalyst compounds as previously described. Of chese, 
preferable are magnesium compounds such as magnesium 
carbonace and magnesium acetate; calcium compounds 



SF-648 



82 



such as calcium carbonate and calcium acetate; and 
zinc compounds such as zinc chloride and zinc acetate. 
The co-catalyst compounds can be used singly or in 
combination of two or more kinds. 
5 The co-catalyst component (II) is desirably used 

in such an amount that the molar ratio ((II) /(I-i)) of 
the metal atom in the co-catalyst component (II) to 
titanium (and another element if the solid titanium 
compound (I-i) contains another element) in the solid 

10 titanium compound (I-i) in the range of 1/50 to 50/1, 
preferably 1/40 to 40/1, more preferably 1/30 to 30/1. 
When a phosphorus compound such as a phosphate or a 
phosphite is used, the amount thereof is an amount in 
terms of a metal atom contained in the phosphorus 

15 compound. 

The production of a polyester using the above 
catalyst for polyester production is carried out by 
the process described later, and in the 
polycondensation reaction, the solid titanium compound 

20 (I-i) is desirably used in an amount of 0.001 to 0.2 % 
by mol, preferably 0.002 to 0 . 1 % by mol, in terms of 
a metal atom, based on the aromatic dicarboxylic acid 
units in the low condensate. 
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When the co-catalyst component (II) is used in 
addition to the solid titanium compound (I-i), the 
amount of the co-catalyst component (II) is desired to 
be in the range of 0.001 to 0.5 % by mol, preferably 
5 0.002 to 0.3 % by mol, in terms of a metal atom, based 
on the aromatic dicarboxylic acid units in the low 
condensate . 

The catalyst comprising the solid titanium 
compound (I-i) and optionally the co-catalyst 
E 10 component (II) is sufficient to be present during the 

rll polycondensation reaction. Therefore, the catalyst 

['fj may by added in any of a starting slurry preparation 

Iri step, an esterif ication step and a liquid phase 

polycondensation step. Further, the total amount of 

Iffj; 

fy 15 the catalyst may be added at once, or the catalyst may 

O be added plural times by portions. When the co- 

catalyst component (II) is used in combination, it may 
be added in a step identical with or different from 
the step where the solid titanium compound (I-i) is 
20 added. 

The polyester obtained by the use of the above 
catalyst for polyester production, preferably 
polyethylene terephthalate , is melt molded and used as 
blow molded articles (e.g., bottles), sheets, films, 
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fibers, etc., but it is particularly preferably used 
as bottles. 

The catalyst for polyester production described 
above can produce a polyester with higher catalytic 
5 activity as compared with a germanium compound or an 
antimony compound which has been heretofore used as a 
polycondensation catalyst. Further, when the catalyst 
for polyester production is used, a polyester having 
more excellent transparency and tint and lower 
10 acetaldehyde content can be obtained as compared with 
the case of using an antimony compound as a 
polycondensation catalyst. 

A still further embodiment of the catalyst for 
polyester production according to the invention 
15 comprises a slurry obtained by heating a mixture of: 

(A-l) a hydrolyzate (I-j) obtained by hydrolyzing 
a titanium compound or a hydrolyzate (I-k) obtained by 
hydrolyzing a mixture of a titanium compound and a 
compound of at least one element selected from 
20 elements other than titanium or a precursor of the 

compound (each hydrolyzate sometimes being referred to 
as a "titanium-containing hydrolyzate (A-l) " 
hereinafter) , 

(B) a basic compound, and 
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(C) an aliphatic diol. 

Kydrolvzate LLijJ ■ Hvdrolvzate (I-k) 
The hydrolyzate (I-j) is obtained by hydrolyzing a 
titanium compound, and the hydrolyzate (I-Jc) is 
5 obtained by hydrolyzing a mixture of a titanium 

compound and the aforesaid compound of another element. 

The titanium compound used for the hydrolysis is, 
for example, a titanium alkoxide or a titanium halide, 
and particular examples thereof include the same 
10 compounds previously described. 

It is a preferred embodiment of the present 
invention to use a titanium halide as the titanium 
compound. The method of preparing the titanium- 
containing hydrolyzate using a titanium halide as the 
15 titanium compound is described below in detail, and 
preparation of a hydrolyzate of a titanium alkoxide 
can be carried out in a manner similar to that 
described below. 

There is no specific limitation on the method to 
20 hydrolyze the titanium halide, and for example, the 
aforesaid methods (1) to (5) used in the preparation 
of the solid titanium compound (I-a) are available. 

In the present invention, the method of hydrolysis 
is not specifically limiced as described above, but in 
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each method, it is preferable to allow a large excess 
of water to act on the titanium halide and thereby 
completely carry out the hydrolysis. The temperature 
for the hydrolysis is usually not higher than 10 0°C, 
5 preferably in the range of 0 to 70°C. 

The titanium-containing hydrolyzate (A-l) may be a 
hydrolyzate obtained by hydrolyzing a mixture of the 
titanium halide and the aforesaid compound of another 
element. That is, this hydrolyzate is obtained by 
;3 10 hydrolyzing the titanium halide in the presence of the 

U compound of another element. The compounds of another 

,U element can be used singly or in combination of two or 

3 more kinds . 

tA There is no specific limitation on the method to 

y 15 hydrolyze the mixture of the titanium halide and the 

^ compound of another element, and for example, the 

aforesaid methods (1) to (9) used in the preparation 
of the titanium-containing solid compound (I-b) are 
available . 

20 In the hydrolysis, the molar ratio (E/Ti) of the 

element (E) in the compound of another element to 
titanium (Ti) in the titanium halide is desirably in 
the range of 1/50 to 50/1. The temperature for the 
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hydrolysis is usually not higher than 10G°C, 
preferably in the range of 0 to 70°C. 

When the titanium halide or the mixture of the 
titanium halide and the compound of another element is 
5 hydrolyzed, the resulting liquid exhibits acidic 

property by virtue of hydrogen halide produced by the 
hydrolysis of the titanium halide. Because of the 
acidic property, the hydrolysis is not completed in 
some cases, so that the aforesaid neutralizing base 
10 may be added to perform neutralization. At the end 
point of the neutralization, the pH value is 
preferably not less than 4, and the neutralization is 
preferably carried out at a temperature of not higher 
than 70°C. 

15 The hydro lyzate (hydrous hydroxide gel or hydrous 

complex hydroxide gel) obtained by the hydrolysis can 
be per se used as a polycondensation catalyst, but the 
hydrolyzate is preferably dehydro-dried to give a 
solid hydrolyzate (titanium-containing solid compound 



Drying of the hydrolyzate can be carried out at 
ordinary pressure or under reduced pressure in a state 
of solid phase or a state where the hydrolyzate is 
suspended in a liquid phase having higher boiling 



20 



(i-k) ) - 
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point than water. Although the drying temperature is 
not specifically limited, it is preferably not lower 
than 3 0°C and lower than 3 50°C. The hydrous hydroxide 
gel or the hydrous complex hydroxide gel may be washed 
5 with water before drying, or the titanium-containing 
solid compound (I-k) may be washed with water after 
drying, to remove water-soluble components. It is 
preferable to conduct the drying rapidly. 

Although the composition of the titanium- 

10 containing solid compound (I-k) varies depending upon 
presence or absence of another element, amount thereof, 
washing or non-washing, method of drying and degree of 
drying, the molar ratio (OH/Ti) of a hydroxyl group 
(OH) to titanium (Ti) is usually more than 0.09 and 

15 less than 4, preferably in the range of 0.1 to 3, more 
preferably in the range of 0.1 to 2, from the 
viewpoint of polymerization activity. The molar ratio 
of a hydroxyl group to titanium can be determined by 
the aforesaid method. 

20 In the titanium-containing solid compound (I-k) , 

the hydroxyl group remains even at temperatures at 
which the polycondensation reaction is performed, e.g., 
about 280°C. 
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When the titanium-containing solid compound (I-k) 
contains another element, the molar ratio (E/Ti) of 
another element (E) to titanium (Ti) in this compound 
is in the range of 1/50 to 50/1, preferably 1/40 to 
5 40/1, more preferably 1/30 to 30/1. 

In the titanium-containing hydrolyzate (A-l) such 
as the hydrous hydroxide gel, the hydrous complex 
hydroxide gel or the titanium-containing solid 
compound (I-k) , the chlorine content is in the range 
10 of usually 0 to 10000 ppm, preferably 0 to 100 ppm. 



The basic compound (B) is a compound which 
exhibits basic property in its aqueous solution, and 
examples of such compounds include tetraethylammonium 
15 hydroxide, tetramethylammonium hydroxide, aqueous 
ammonia, sodium hydroxide, potassium hydroxide, N- 
ethylmorpholine and N-methylmorpholine . Of these, 
tetraethylammonium hydroxide is preferable. 



ethylene glycol, trimethylene glycol, propylene glycol, 
tetramethylene glycol, neopencyl glycol, hexamethylene 
glycol and dodecamechylene glycol. Of these, ethylene 
glycol is preferably employed. 



Basic compound (B) 



Aliphatic diol (C) 



20 



Examples of the aliphatic diols (C) include 
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The catalyst for polyester production according to 
the invention is obtained as a slurry by heating a 
mixture of the titanium-containing hydrolyzate (A-l) , 
the basic compound (B) and the aliphatic diol (C) . 
5 In the mixture liquid, the titanium-containing 

hydrolyzate (A-l) is contained in an amount of 0.05 to 
30 % by weight, preferably 0.1 to 20 % by weight, more 
preferably 0.5 to 15 % by weight, the basic compound 
(B) is contained in an amount of 0.5 to 50 % by weight, 

10 preferably 1 to 40 % by weight, more preferably 2 to 

30 % by weight, and the residue is the aliphatic diol. 

When the amount of the titanium-containing 
hydrolyzate (A-l) is not less than 0.05 % by weight, 
the amount of the aliphatic diol (C) can be decreased, 

15 whereby the polymerization rate becomes high. When 
the amount of the titanium-containing hydrolyzate is 
not more than 30 % by weight, coloring of the mixture 
is little during the heating, and as a result, the 
tint of a polyester produced by the use of this 

20 catalyst becomes good. 

When the amount of the basic compound (B) is not 
less than 0 . 5 % by weight, the catalytic activity is 
enhanced. When the amount of the basic compound is 
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not more than 50 % by weight, coloring of the mixture 
is little during the heating. 

The heating temperature of the mixture is in the 
range of usually 100 to 300°C / preferably 120 to 250°C, 
5 more preferably 140 to 2 0 0°C, and the heating time is 
in the range of 5 minutes to 10 hours, preferably 3 0 
minutes to 8 hours . 

The production of a polyester using the above 
catalyst for polyester production is carried out by 
10 the process described later, and the catalyst for 

polyester production is used in an amount of usually 
0.0005 to 0.2 % by weight, preferably 0.001 to 0.05 % 
by weight, in terms of weight of a metal in the 
catalyst, based on the weight of the mixture of the 
15 aromatic dicarboxylic acid and the aliphatic diol. 

The catalyst for polyester production can be fed 
to the polymerization reactor in the esterif ication 
reaction step, or can be fed to the reactor in the 
first stage of the polycondensation reaction step. 
20 In addition to the catalyst for polyester 

production of the invention, the aforesaid co-catalyst 
compound can be used as a co-catalyst component. 
Preferred examples of the co-catalyst components 
include magnesium compounds such as magnesium 
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carbonate and magnesium acetate; calcium compounds 
such as calcium carbonate and calcium acetate; and 
zinc compounds such as zinc chloride and zinc acetate. 
The co-catalyst compounds can be used singly or in 
5 combination of two or more kinds. 

The co-catalyst component is desirably used in 
such an amount that the molar ratio ((M)/(Ti)) of the 
metal atom (M) in the co-catalyst component to 
titanium (and another element if the catalyst contains 

10 another element) (Ti) in the catalyst for polyester 

production is in the range of 1/50 to 50/1, preferably 
1/40 to 40/1, more preferably 1/30 to 30/1. When a 
phosphorus compound such as a phosphate or a phosphite 
is used, the amount thereof is an amount in terms of a 

15 metal atom contained in the phosphorus compound. 

The co-catalyst component can be fed to the 
polymerization reactor in the esterif ication reaction 
step, or can be fed to the reactor in the first stage 
of the liquid phase polycondensation reaction step. 

20 When the co-catalyst component is fed in the 
esterif ication reaction step, the co-catalyst 
component can be added at the same time as the 
catalyst for polyester production or separately. 
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When the catalyst for polyester production is used, 
a polyester having a desired intrinsic viscosity is 
obtained for a short period of time. 

A still further embodiment of the catalyst for 
5 polyester production according to the invention 
comprises : 

(A-2) a hydrolyzate (I-m) obtained by hydrolyzing 
a titanium halide or a hydrolyzate (I-n) obtained by 
hydrolyzing a mixture of a titanium halide and a 

10 compound of at least one element selected from 

elements other than titanium or a precursor of the 
compound (each hydrolyzate sometimes being referred to 
as a "titanium-containing hydrolyzate (A-2)" 
hereinafter} , and 

15 (D) a metallic phosphate containing at least one 

element selected from beryllium, magnesium, calcium, 
strontium, boron, aluminum, gallium, manganese, cobalt 
and zinc; 

or comprises a slurry obtained by heating a 
20 mixture of: 

(A-2) a hydrolyzate (I-m) obtained by hydrolyzing 
a titanium halide or a hydrolyzate (I-n) obtained by 
hydrolyzing a mixture of a titanium halide and a 
compound of at least one element selected from 
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elements other than titanium or a precursor of the 
compound, 

(E) a metallic compound containing at least one 
element selected from beryllium, magnesium, calcium, 

5 strontium, boron, aluminum, gallium, manganese, cobalt 
and zinc, 

(F) at least one phosphorus compound selected from 
phosphoric acid and phosphoric esters, and 

(G) an aliphatic diol. 

10 Hydrolyzate (I-m) , HyflrQlyzate (I-n) 

The hydrolyzate (I-m) is obtained by hydrolyzing a 
titanium halide, and the hydrolyzate (I-n) is obtained 
by hydrolyzing a mixture of a titanium halide and the 
aforesaid compound of another element. 

15 Examples of the titanium halides employable for 

the preparation of the titanium-containing hydrolyzate 
(A-2) include the same titanium halides as previously 
described. 

There is no specific limitation on the method to 
20 hydrolyze the titanium halide, and for example, the 
aforesaid methods (1) to (5) used in the preparation 
of the solid titanium compound (I-a) are available. 

In the present invention, the method of hydrolysis 
is not specifically limited as described above, but in 
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each method, it is preferable to allow a large excess 
of water to act on the titanium halide and thereby 
completely carry out the hydrolysis. The temperature 
for the hydrolysis is usually not higher than 100°C, 
5 preferably in the range of 0 to 7 0°C. 

The titanium-containing hydrolyzate (A-2) may be a 
hydrolyzate obtained by hydrolyzing a mixture of the 
titanium halide and the aforesaid compound of another 
element. That is, this hydrolyzate is obtained by 
10 hydrolyzing the titanium halide in the presence of the 



compound of another element. The compounds of another 
element can be used singly or in combination of two or 
more kinds . 

There is no specific limitation on the method to 
15 hydrolyze the mixture of the titanium halide and the 
compound of another element, and for example, the 
aforesaid methods (1) to (9) used in the preparation 
of the titanium-containing solid compound (I-b) are 
available . 



element (E) in the compound of anocher element to 
titanium (Ti) in the titanium halide is desirably in 
the range of 1/50 to 50/1. The temperature for the 



20 



In the hydrolysis, the molar ratio ( E/Ti ) of the 
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hydrolysis is usually not higher than 100°C, 
preferably in the range of 0 to 7 0°C. 

When the titanium halide or the mixture of the 
titanium halide and the compound of another element is 
hydrolyzed, the resulting liquid exhibits acidic 
property by virtue of hydrogen halide produced by the 
hydrolysis of the titanium halide. Because of the 
acidic property, the hydrolysis is not completed in 
some cases, so that the aforesaid neutralizing base 
may be added to perform neutralization. At the end 
point of the neutralization, the pH value is 
preferably not less than 4, and the neutralization is 
preferably carried out at a temperature of not higher 
than 70°C. 

The hydrolyzate (hydrous hydroxide gel or hydrous 
complex hydroxide gel) obtained by the hydrolysis can 
be per se used as a polycondensation catalyst, but the 
hydrolyzate is preferably dehydro-dried to give a 
solid hydrolyzate (titanium-containing solid compound 
(A-2) ) . 

Drying of the hydrolyzate can be carried out at 
ordinary pressure or under reduced pressure in a state 
of solid phase or a state where the hydrolyzate is 
suspended in a liquid phase having higher boiling 
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point than water. Although the drying temperature is 
not specifically limited, it is preferably not lower 
than 3 0°C and lower than 3 50°C. The hydrous hydroxide 
gel or the hydrous complex hydroxide gel may be washed 
5 with water before drying, or the titanium-containing 
solid compound (A-2) may be washed with water after 
drying, to remove water-soluble components. It is 
preferable to conduct the drying rapidly. 

Although the composition of the titanium- 
]Z 10 containing solid compound (A-2) obtained above varies 

Jrj depending upon presence or absence of another element, 

^1 amount thereof, washing or non-washing, method of 

[ n drying and degree of drying, the molar ratio (OH/Ti) 

\ A of a hydroxyl group (OH) to titanium (Ti) is usually 

rn 15 more than 0.09 and less than 4, preferably in the 

g range of 0.1 to 3, more preferably in the range of 0.1 

to 2, from the viewpoint of polycondensation activity. 
The molar ratio of a hydroxyl group to titanium can be 
determined by the aforesaid method. 
20 In the titanium-containing solid compound (A-2) , 

the hydroxyl group remains even at temperatures at 
which the polycondensauion reaction is performed, e.g., 
about 280°C. 
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When the titanium-concaining solid compound (A-2) 
contains another element, the molar ratio (E/Ti) of 
another element (E) to titanium (Ti) in this compound 
is in the range of 1/50 to 50/1, preferably 1/40 to 
40/1, more preferably 1/30 to 30/1. 

In the titanium-containing hydrolyzate (A-2) such 
as the hydrous hydroxide gel, the hydrous complex 
hydroxide gel or the titanium-containing solid 
compound (A-2), the chlorine content is in the range 
of usually 0 to 10000 ppm, preferably 0 to 100 ppm. 

Metallic phosphate (D) 

The metallic phosphate (D) is a compound 
containing at least one element selected from 
beryllium, magnesium, calcium, strontium, boron, 
aluminum, gallium, manganese, cobalt and zinc. 

Examples of the metallic phosphates (D) include: 

magnesium phosphates, such as magnesium 
hydrogenphosphate, trimagnesium diphosphate and 
magnesium phosphite; 

calcium phosphates, such as calcium 
hydrogenphosphate, calcium dihydrogenphosphate and 
tricalcium phosphate; 

strontium phosphates, such as scrontium 
hydrogenphosphate ,- 
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aluminum phosphates, such as aluminum phosphate; 

manganese phosphates, such as manganese 
dihydrogenphosphate and manganese phosphate; 

cobalt phosphates, such as cobalt: phosphate; and 

zinc phosphates, such as zinc phosphate. 

Of these, magnesium phosphates are preferable, and 
magnesium hydro genphosphate and trimagnesium 
diphosphate are particularly preferable. 

The production of a polyester using the above 
catalyst for polyester production is carried out by 
the process described later, and in the 
polycondensation reaction, the titanium-containing 
hydrolyzate (A-2) is used in an amount of usually 
0.0005 to 0.2 % by mol, preferably 0.001 to 0.05 % by 
mol, in terms of a metal atom in the titanium- 
containing hydrolyzate (A-2), based on the amount by 
mol of the aromatic dicarboxylic acid (in terms of the 
aromatic dicarboxylic acid) in the low condensate; and 
the metallic phosphate (D) is used in an amount of 
usually 0.001 to 0.200 % by mol, preferably 0.002 to 
0.0 50 % by mol, in terms of phosphorus atom. When the 
amounts of the titanium-containing hydrolyzate (A-2) 
and the metallic phosphate (D) are within the above 
ranges, the cacalysc exhibits high polymerization 
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activity and the resulting polyester has a low 
acetaldehyde content. 

The acetaldehyde content referred to herein is 
determined in the following manner. A sample of 2 g 
is pulverized under cooling, and the temperature of 
the sample is returned to room temperature. Then, 1 g 
of the sample is charged in a container, and 2 cc of 
an internal standard liquid is added to the container, 
followed by closing the container. Then, extraction 
is performed in an oven at 12 0°C for 1 hour. The 
extract is ice cooled, and the acetaldehyde content in 
5 ill of the supernatant liquid is measured by GC-6A 
manufactured by Shimadzu Seisakusho K.K. to determine 
the acetaldehyde content in the sample. 

The titanium-containing hydrolyzate <A-2) can be 
fed to the reactor in the esterif ication reaction step, 
or can be fed to the reactor in the first stage of the 
liquid phase polycondensation reaction step. The 
metallic phosphate (D) can be fed to the reactor in 
the esterif ication reaction step, or can be fed to the 
reactor in the first stage of the liquid phase 
polycondensation reaction step. The metallic 
phosphate (D) can be added at the same time as the 
titanium-containing hydrolyzate (A-2) or separately. 
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Metallic compound LEJ 

The metallic compound (E) for use in the invention 
is a compound containing at least one element selected 
from beryllium, magnesium, calcium, strontium, boron, 
aluminum, gallium, manganese, cobalt and zinc. 

Examples of the metallic compounds (E) include: 

magnesium compounds, such as magnesium acetate, 
magnesium carbonate and magnesium hydroxide; 

calcium compounds, such as calcium hydroxide, 
calcium acetate and calcium carbonate; 

strontium compounds, such as strontium acetate and 
strontium carbonate; 

aluminum compounds, such as aluminum acetate, 
aluminum hydroxide and aluminum carbonate; 

manganese compounds, such as manganese acetate; 

cobalt compounds, such as cobalt acetate; and 

zinc compounds, such as zinc acetate. 

Of these, magnesium compounds are preferable, and 
magnesium acetate and magnesium carbonate are 
particularly preferable. 

Phos p h orus compound (F) 

Examples of the phosphorus compounds (F) for use 
in the invention include phosphoric acid, and 
phosphoric esters, such as trimethyl phosphace, 
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trie thy 1 phosphate, tri-n-butyl phosphate, trioctyl 
phosphate, triphenyl phosphate and tricresyl phosphate. 
Of these, phosphoric acid and trimethyl phosphate are 
preferable. 
5 Aliphatic diol (G) 

Examples of the aliphatic diols (G) for use in the 
invention include ethylene glycol, trimethylene glycol, 
propylene glycol, tetramethylene glycol, neopentyl 
glycol, hexamethylene glycol and dodecamethylene 
hi 10 glycol. Of these, ethylene glycol is preferable, 

fy The catalyst for polyester production according to 

|y the invention may be a catalyst obtained as a slurry 

yj by heating a mixture of the titanium-containing 

H hydrolyzate (A-2), the metallic compound (E) , the 

ft! 15 phosphorus compound (F) and the aliphatic diol (G) . 

Q In the mixture liquid, the titanium-containing 

hydrolyzate (A-2) is contained in an amount of 0.1 to 
30 % by weight, preferably 0.2 to 20 % by weight, more 
preferably 0.3 to 10 % by weight, in terms of titanium 
20 atom, the metallic compound (E) is contained in an 
amount of 0.1 to 30 % by weight, preferably 0.2 to 
20 % by weight, more preferably 0.3 to 10 % by weight, 
in terms of a metal, the phosphorus compound (F) is 
contained in an amount of 0.1 to 30% by weight, 
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preferably 0.2 to 20 % by weight, more preferably 0.3 
to 10 % by weight, in terms of phosphorus atom, and 
the residue is the aliphatic diol (G) . The titanium- 
containing hydrolyzate (A-2) and the metallic compound 
5 (E) are preferably used in the same amounts from the 
viewpoint of polymerization activity. 

Heating of the mixture is performed for the 
purpose of allowing at least a part of the metallic 
compound (E) dissolved in the aliphatic diol to react 
q 10 with at least a part of the phosphorus compound (F) 

fy dissolved in the aliphatic diol. Therefore, the 

y amount of the metallic compound (E) and the phosphorus 

%9 compound (F) is preferably not more than 30 % by 

H weight from the viewpoint of solubility in the 

FU 15 aliphatic diol. 

£3 The temperature for heating the mixture, though 

varies depending upon the boiling point of the 
aliphatic diol, is in the range of usually 50 to 200°C, 
preferably 80 to 190°C, more preferably 100 to 19Q°C, 
20 and the heating time is in the range of 3 minutes to 5 
hours, preferably 3 0 minutes to 4 hours, more 
preferably 1 to 4 hours. 

When the heating temperature is not lower than 
50°C, the metallic compound (E) dissolved in the 
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aliphatic diol and the phosphorus compound (F) 
dissolved in the aliphatic diol easily undergo 
reaction. When the heating temperature is not higher 
than 200°C, the aliphatic diol hardly undergoes side 
5 reaction such as dehydration reaction. 

The production of a polyester using the above 
catalyst for polyester production is carried out by 
the process described later, and in the 
polycondensation reaction, the slurry catalyst for 

10 polyester production is used in an amount of usually 
0.0005 to 0.2 % by weight, preferably 0.001 to 0.05 % 
by weight, in terms of weight of a metal (derived from 
the titanium-containing hydrolyzate (A-2)) in the 
catalyst, based on the weight of a mixture of 

15 terephthalic acid and ethylene glycol. 

The slurry catalyst for polyester production can 
be fed to the polymerization reactor in the 
esterif ication reaction step, or can be fed to the 
reactor in the first stage of the polycondensation 

20 reaction step. 

In the present invention, in addition to the 
catalyst for polyester production comprising the 
titanium-containing hydrolyzate (A-2) and the metallic 
phosphace (D) or the slurry catalyst for polyester 
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production, the aforesaid co-catalyst compound can be 
used as a co-catalyst component. Preferred examples 
of the co-catalyst compounds include magnesium 
compounds such as magnesium carbonate and magnesium 
5 acetate; calcium compounds such as calcium carbonate 
and calcium acetate; and zinc compounds such as zinc 
chloride and zinc acetate. The co-catalyst compounds 
can be used singly or in combination of two or more 
kinds . 

O 10 The co-catalyst component is desirably used in 

fU such an amount that the molar ratio ( (M) / (Ti) ) of the 

lu metal atom (M) in the co-catalyst component to 

it::?:! 

i: 

v3 titanium (and another element if the catalyst contains 

\t another element) (Ti) in the catalyst for polyester 

fJ 15 production is in the range of 1/50 to 50/1, preferably 

O 1/40 to 40/1, more preferably 1/30 to 30/1. 

The co-catalyst component can be fed to the 
reactor in the esterif ication reaction step, or can be 
fed to the reactor in the first stage of the liquid 
20 phase polycondensation reaction step. When the co- 
catalyst component is fed in the esterif ication 
reaction step, the co-catalyst component can be added 
at the same time as the catalyst for polyester 
production or separately. 
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The catalyst for polyester production according to 
the invention can produce a polyester having a low 
acetaldehyde content with high polymerization activity. 
Next, the process for producing a polyester using 
5 the catalyst for polyester production mentioned above 
is described. 

Process for produci ng polyester 
In the process for producing a polyester using the 
catalyst for polyester production mentioned above, an 
10 aromatic dicarboxylic acid or an ester-forming 

derivative thereof and an aliphatic diol or an ester- 
forming derivative thereof are polycondensed in the 
presence of any one of the above-mentioned catalysts 
for polyester production. One embodiment of the 
15 process is described below. 
Starting materials 

In the process for producing a polyester according 
to the invention, an aromatic dicarboxylic acid or an 
ester-forming derivative thereof and an aliphatic diol 
20 or an ester-forming derivative thereof are used as 
starting materials. 

Examples of the aromatic dicarboxylic acids 
include terephthalic acid, phthalic acid, isophthalic 
acid, naphthalenedicarboxylic acid, 
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diphenyldicarboxylic acid and 
diphenoxyethanedicarboxylic acid. 

Examples of the aliphatic diols include aliphatic 
glycols, such as ethylene glycol, trimethylene glycol, 
5 propylene glycol, tetramethylene glycol, neopentyl 
glycol, hexamethylene glycol and dodecamethylene 
glycol . 

In the present invention, aliphatic dicarboxylic 
acids such as adipic acid, sebacic acid, azelaic acid 

10 and decanedicarboxylic acid, and alicyclic 

dicarboxylic acids such as cyclohexanedicarboxylic 
acid are employable as starting materials together 
with the aromatic dicarboxylic acid. Further, 
alicyclic glycols such as cyclohexanedimethanol , and 

15 aromatic diols such as bisphenol, hydroquinone , 2,2- 
bis (4-p-hydroxyethoxyphenyDpropanes, 1, 3 -bis (2- 
hydroxyethoxy) benzene and l,4-bis(2- 
hydroxyethoxy) benzene are employable as starting 
materials together with the aliphatic diol. 

20 In the present invention, moreover, polyf unctiona 

compounds such as trimesic acid, trimethylolethane , 
trimethylolpropane, trimethylolmethane and 
pentaerythritol are employable as starting materials. 
K.gtfirification steo 
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In the production of a polyester, first, the 
aromatic dicarboxylic acid or an ester-forming 
derivative thereof and the aliphatic diol or an ester- 
forming derivative thereof are esterif ied. 
5 More specifically, a slurry containing the 

aromatic dicarboxylic acid or an ester-forming 
derivative thereof and the aliphatic diol or an ester- 
forming derivative thereof is prepared. 

In the slurry, the aliphatic diol or an ester- 
10 forming derivative thereof is contained in an amount 
of usually 1.005 to 1.4 mol, preferably 1.01 to 1.3 
mol, more preferably 1.03 to 1.3 mol, based on 1 mol 
of the aromatic dicarboxylic acid or an ester-forming 
derivative thereof. The slurry is continuously fed to 
15 the esterif ication reaction step. 

The esterif ication reaction is carried out under 
reflux of ethylene glycol using an apparatus 
consisting of two or more esterif ication reactors 
connected in series, while water which is produced by 
20 the reaction is removed from the system by means of a 
rectification tower . 

The esterif ication reaction is generally carried 
out in plural stages, and the esterif ication reaction 
of the first stage is carried out at a reaction 



SF-648 




109 



temperature of usually 240 to 270°C, preferably 245 to 
265°C / under a pressure of 0.2 to 3 kg/cm 2 -G, 
preferably 0.5 to 2 kg/cm 2 -G, and the esterif ication 
reaction of the last stage is carried out at a 
5 reaction temperature of usually 250 to 280°C / 

preferably 255 to 275°C, under a pressure of 0 to 1.5 
kg/cm 2 -G, preferably 0 to 1 . 3 kg/cm 2 -G. 

When the esterif ication reaction is carried out in 
two stages, the esterif ication reaction conditions of 

10 the first and the second stages are as described above, 
and when the esterif ication reaction is carried out in 
three or more stages, the esterif ication reaction 
conditions of the second stage to the stage of last 
but one are between the reaction conditions of the 

15 first scage and the reaction conditions of the last 
stage . 

For example, when the esterif ication reaction is 
carried out in three stages, the esterif ication 
reaction temperature of the second stage is in the 
20 range of usually 245 to 275°C, preferably 250 to 270°C, 
and the pressure of this stage is in the range of 
usually 0 to 2 kg/cm 2 ~G, preferably 0.2 to 1.5 kg/cm 2 -G. 

There is no specific limitation on the degree of 
esterif ication in each stage, but it is preferable 
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that the increase of the degree of es terif ication is 
smoothly distributed in each stage, and it is 
desirable that the degree of esterif ication of the 
esterif ication reaction product in the last stage 
reaches usually not less than 9 0 %, preferably not 
less than 93 %. 

It is possible to carry out the esterif ication 
reaction without adding additives other than the 
aromatic dicarboxylic acid and the aliphatic diol, and 
it is also possible to carry out the esterif ication 
reaction in the presence of the catalyst for polyester 
production described above. It is preferable to add a 
small amount of a basic compound and to carry out the 
esterification reaction, because the proportion of 
dioxyethylene terephthalate constituent units in the 
main chain of polyethylene terephthalate can be held 
at a relatively low level. Examples of the basic 
compounds employable herein include tertiary amines, 
such as triethylamine, tri-n-butylamine and 
benzyldimethylamine; quaternary ammonium hydroxides, 
such as tetraethylammonium hydroxide, tetra-n- 
butylammonium hydroxide and trimethylbenzylammonium 
hydroxide; and other basic compounds, such as lithium 
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carbonate, sodium carbonate, potassium carbonate and 
sodium acetate. 

Through the esterif ication reaction step, an 
esterif ication product (low condensate) is obtained, 
and the esterif ication product has a number-average 
molecular weight of usually 500 to 5000. The low 
condensate thus obtained is then fed to a 
polycondensation (liquid phase polycondensation) step. 
Liquid phase polycondensation st-.^p 

In the liquid phase polycondensation step, the 
low-condensate obtained in the esterif ication step is 
heated under reduced pressure at a temperature of not 
lower than the melting point of a polyester (usually 
250 to 280°C) in the presence of the aforesaid 
polycondensation catalyst, to polycondensate the low 
condensate. The polycondensation reaction is 
desirably carried out with distilling off the 
unreacted aliphatic diol from the reaction system. 

The polycondensation reaction may be carried out 
in one stage or plural stages. For example, when the 
polycondensation reaction is carried out in plural 
stages, the polycondensation reaction of the first 
stage is carried out at a reaction temperature of 250 
to 29G°C, preferably 260 to 280°C, under a pressure of 
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500 to 20 Torr, preferably 200 to 3 0 Torr, and the 
polycondensation reaction of the last stage is carried 
out at a reaction temperature of 265 to 30Q°C, 
preferably 270 to 295°C, under a pressure of 10 to 0.1 
Torr, preferably 5 to 0.5 Torr. 

When the polycondensation reaction is carried out 
in two stages, the polycondensation reaction 
conditions of the first and the second stages are as 
described above, and when the polycondensation 
reaction is carried out in three or more stages, the 
polycondensation reaction conditions of the second 
stage to the stage of last but one are between the 
reaction conditions of the first stage and the 
reaction conditions of the last stage. For example, 
when the polycondensation reaction is carried out in 
three stages, the polycondensation reaction of the 
second stage is carried out at a reaction temperature 
of usually 260 to 295°C, preferably 270 to 285°C, 
under a pressure of usually 50 to 2 Torr, preferably 
40 to 5 Torr. There is no specific limitation on the 
intrinsic viscosity reached in each stage of the 
polycondensation reaction seep, but it is preferable 
that the increase of the intrinsic viscosity is 
smoothly distributed in each stage. 
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The polycondensation reaction is desirably carried 
out in the presence of a stabilizer. The stabilizer 
is, for example, a phosphorus compound, and specific 
examples thereof include phosphoric esters, such as 
trimethyl phosphate, triethyl phosphate, tri-n-butyl 
phosphate, trioctyl phosphate and triphenyl phosphate; 
phosphorus esters, such as triphenyl phosphite, 
trisdodecyl phosphite and trisnonylphenyl phosphite; 
and other phosphoric esters, such as monomethyl 
phosphate, dimethyl phosphate, monoethyl phosphate, 
diethyl phosphate, monoisopropyl phosphate, 
diisopropyl phosphate, dibutyl phosphate, monobutyl 
phosphate and dioctyl phosphate; phosphoric acid; and 
polyphosphoric acid. 

The phosphorus compound is desirably added in an 
amount of 0.005 to 0.2 % by mol, preferably 0.01 to 
0.1 % by mol, in terms of phosphorus atom in the 
phosphorus compound, based on the aromatic 
dicarboxylic acid. The phosphorus compound may be fed 
in the esterif ication reaction step, or may be fed to 
the reactor in the first stage of the polycondensation 
reaction step. 

The polyester obtained in the liquid phase 
polycondensation step desirably has an intrinsic 
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viscosity of 0.40 to 1.0 dl/g, preferably 0.50 to 0.90 
dl/g, more preferably 0.55 to 0.75 dl/g. There is no 
specific limitation on the intrinsic viscosity reached 
in each of the stages except the last stage of the 
polycondensation step, but it is preferable that the 
increase of the intrinsic viscosity is smoothly 
distributed in each stage. 

The intrinsic viscosity referred to herein is 
calculated from a solution viscosity determined by 
heating 1.2 g of a polyester in 15 cc of o- 
chlorophenol to melt it, then cooling the solution and 
measuring its viscosity at 25°C* 

The polyester desirably has a density of usually 
1.33 to 1.35 g/cm 3 . The density of the polyester 
referred to herein is measured at a temperature of 
23 °C by means of a density gradient tube using a mixed 
solvent of carbon tetrachloride and heptane. 

The polyester obtained in the polycondensation 
step is generally melt extruded into particles (chips) . 
The particulate polyester desirably has an average 
particle diameter of usually 2.0 to 5.0 mm, preferably 
2.2 to 4.0 mm. 
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The polyester obtained in the liquid phase 
polycondensation step can be then subjected to solid 
phase polycondensation, if desired. 
Solid chase polycondensation step 

Before the particulate polyester is fed to the 
solid phase polycondensation step, it may be heated at 
a temperature lower than the temperature for the solid 
phase polycondensation to perform precrystallization. 

The precrystallization can be carried out by 
heating the particulate polyester at a temperature of 
usually 120 to 200°C / preferably 130 to 180°C, for 1 
minute to 4 hours, in a dry state. The 
precrystallization may be carried out by heating the 
particulate polyester at a temperature of 120 to 200°C 
for 1 minute or more in an atmosphere of water vapor, 
an atmosphere of an inert gas containing water vapor 
or an atmosphere of air containing water vapor. 

The polyester thus precrystallized desirably has a 
crystallinity of 20 to 50 %. 

In the precrystallization treatment, the "solid 
phase polycondensation reaction" of the polyester does 
not proceed, so that the intrinsic viscosity of the 
precrystallized polyester is almost equal to that of 
the polyester after the liquid phase polycondensation, 
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and the difference between the intrinsic viscosity of 
the precrystallized polyester and the intrinsic 
viscosity of the polyester before precrystallization 
is usually not more than 0.06 dl/g. 
5 The solid phase polycondensation step consists of 

at least one stage, and the solid phase 
polycondensation reaction is carried out at a 
temperature of 190 to 230°C, preferably 195 to 225°C / 
under a pressure of 1 kg/cm 2 -G to 10 Torr, preferably 

10 atmospheric pressure to 100 Torr, in an atmosphere of 
an inert gas such as nitrogen, argon or carbonic acid 
gas. The inert gas used herein is desirably a 
nitrogen gas. 

The particulate polyester obtained after the solid 

15 phase polycondensation may be subjected to water 
treatment by the method described in, for example, 
Japanese Patent Publication No. 6492 0/1995. This 
water treatment is carried out by contacting the 
particulate polyester with water, water vapor, an 

20 inert gas containing water vapor, air containing water 
vapor or the like. 

The intrinsic viscosity of the particulate 
polyester obtained as above is desired to be usually 
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not less than 0.50 dl/g, preferably 0.60 to 1.00 dl/g, 
more preferably 0.75 to 0.95 dl/g. 

The production of the polyester comprising the 
esterif ication step and the polycondensation step may 
5 be carried out batchwise, semicontinuously or 

continuously. The density of the polyester is desired 
to be usually not less than 1.37 g/cm 3 , preferably not 
less than 1.3 8 g/cm 3 , more preferably not less than 
1.3 9 g/cm 3 . 

10 The polyester produced as above may contain 

additives hitherto known, such as stabilizer, release 
agent, antistatic agent, dispersant and colorant (e.g., 
dye, pigment) . These additives may be added in any 
step of the process for producing the polyester, or 

15 may be added by forming a masterbatch before molding. 

The polyester obtained by the invention can be 
used as a material of various molded products. For 
example, the polyester is melt molded and used as blow 
molded articles (e.g., bottles), sheets, films, fibers, 

20 etc., but it is particularly preferably used as 
bottles . 

In order to produce bottles, sheets, films, fibers, 
etc. from the polyester obtained by the invention, 
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such as polyethylene terephthalate, hitherto known 
processes are available. 

Another embodiment of the process for producing a 
polyester according to the invention is described 
below. 

This embodiment is a process for producing a 
polyester, comprising an esterif ication step in which 
an aromatic dicarboxylic acid or an ester-forming 
derivative thereof and an aliphatic diol or an ester- 
forming derivative thereof are esterified to form a 
low condensate and a polycondensation step in which 
the low condensate is polycondensed in the presence of 
a polycondensation catalyst to increase the molecular 
weight , wherein : 

the polycondensation catalyst used is a catalyst 
comprising: 

(I) a catalyst component comprising a hydrolyzate 
(I-j) obtained by hydrolyzing a titanium compound or a 
hydrolyzate (I-k) obtained by hydrolyzing a mixture of 
a titanium compound and a compound of at least one 
element selected from elements other than titanium or 
a precursor of the compound, and 

(II) a co-catalyst component comprising a compound 
of at least one element selected from the group 
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consisting of beryllium, magnesium, calcium, strontium, 
barium, boron, aluminum, gallium, manganese, cobalt, 
zinc, germanium, antimony and phosphorus; 
and 

5 the catalyst component (I) is added to the 

esterif ication reactor before the beginning of the 
esterif ication reaction or immediately after the 
beginning of the esterif ication reaction. 

The hydrolyzate (I-j) obtained by hydrolyzing a 

10 titanium compound and the hydrolyzate (I-k) obtained 
by hydrolyzing a mixture of a titanium compound and a 
compound of at least one element selected from 
elements other than titanium or a precursor of the 
compound are the same as the hydrolyzate (I-j) and the 

15 hydrolyzate (I-K) previously described, respectively. 
Examples of the co-catalyst components (II) 
include the same co-catalyst compounds as previously 
described. Of these, preferable are magnesium 
compounds such as magnesium carbonate and magnesium 

20 acetate; calcium compounds such as calcium carbonate 
and calcium acetate; and zinc compounds such as zinc 
chloride and zinc acetate. The co-catalyst compounds 
can be used singly or in combination of two or more 
kinds . 
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The production of a polyester comprising an 
esterif ication step in which an aromatic dicarboxylic 
acid or an ester-forming derivative thereof and an 
aliphatic diol or an ester-forming derivative thereof 
are esterified to form a low condensate and a 
polycondensation step in which the low condensate is 
polycondensed in the presence of a polycondensation 
catalyst to increase the molecular weight is carried 
out through the esterif ication step, the liquid phase 
polycondensation step, and if necessary, the solid 
phase polycondensation step, as described above. 
However, the polycondensation of the esterif ication 
product fed to the liquid phase polycondensation step 
is conducted in the presence of a polycondensation 
catalyst comprising: 

(I) a polycondensation catalyst component 
comprising the hydrolyzate (I-j) or the hydrolyzate 
(I-k), and 

(II) a co-catalyst component. 

Of the above components, the polycondensation 
catalyst component (I) is added to the reactor before 
the beginning of the esterif ication reaction or 
immediately after the beginning of the escerif ication 
reaction. The expression M immediately after the 
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beginning of the esterif ication reaction" used herein 
means a state where the degree of esterif ication is 
not more than 50 %. The term "degree of 
esterif ication" means a degree of conversion of the 
5 aromatic dicarboxylic acid such as dicarboxylic acid, 
and the degree of esterif ication is expressed in a 
ratio between the acid value (AV) and the 
saponification value of the reaction product. 

On the other hand, the co-catalyst component (II) 

10 can be added to the reactor in any stage of the 

esterif ication reaction step, or can be added to the 
reactor in the first stage of the liquid phase 
polycondensation reaction step. When the co-catalyst 
component (II) is fed in the esterif ication reaction 

15 step, the co-catalyst component (II) may be added at 
the same time as the catalyst component (I) or 
separately. 

The catalyst component (I) is used in an amount of 
usually 0.0005 to 0.2 % by weight, preferably 0.001 to 
20 0.05 % by weight, in terms of weight of a metal in the 
catalyst component (I), based on the weight of a 
mixture of the aromatic dicarboxylic acid and the 
aliphatic diol . 
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The co-catalyst component (II) is desirably used 
in such an amount that the molar ratio ((M)/(I-j)) of 
the metal atom (M) in the co-catalyst component (II) 
to titanium in the catalyst component (I-j ) or the 
molar ratio ((M)/(I-k)) of the metal atom (M) in the 
co-catalyst component (II) to titanium and another 
element in the catalyst component (I-k) is in the 
range of 1/50 to 50/1, preferably 1/40 to 40/1, more 
preferably 1/30 to 30/1. When a phosphorus compound 
such as a phosphate or a phosphite is used, the amount 
thereof is an amount in terms of a metal atom 
contained in the phosphorus compound. 

According to the present invention, a polyester 
having a desired intrinsic viscosity can be obtained 
for a short period of time. 

A further embodiment of the process for producing 
a polyester according to the invention is described 
below. 

This embodiment is a process for producing a 
polyester, comprising poly condensing an aromatic 
dicarboxylic acid or an ester-forming derivative 
thereof and an aliphatic diol or an ester-forming 
derivative thereof in the presence of a 
polycondensation catalyst selected from the following 
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catalysts (1) to (3) and a phosphoric ester to produce 
a polyester; 

(1} a polycondensation catalyst comprising a 
hydrolyzate (I-m) obtained by hydrolyzing a titanium 
5 halide, 

(2) a polycondensation catalyst comprising a 
hydrolyzate (I-n) obtained by hydrolyzing a mixture of 
a titanium halide and a compound of at least one 
element selected from elements other than titanium or 

10 a precursor of the compound, and 

(3) a polycondensation catalyst comprising: 

the hydrolyzate (I-m) or (I-n) , and 
a compound of at least one element selected 
from beryllium, magnesium, calcium, strontium, barium, 
15 boron, aluminum, gallium, manganese, cobalt, zinc, 
germanium and antimony, a phosphate or a phosphite. 

The hydrolyzate (I-m) obtained by hydrolyzing a 
titanium halide and the hydrolyzate (I-n) obtained by 
hydrolyzing a mixture of a titanium halide and a 
20 compound of at least one element selected from 

elements other than titanium or a precursor of the 
compound are the same as the hydrolyzate (I-m) and the 
hydrolyzate (I-n) previously described, respectively. 
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Examples of the compound of at least one element 
selected from the group consisting of beryllium, 
magnesium, calcium, strontium, barium, boron, aluminum, 
gallium, manganese, cobalt, zinc, germanium and 
5 antimony, the phosphate or the phosphite (sometimes 
referred to as a "co-catalyst component (Ila) " 
hereinafter) include the same compounds as previously 
described with respect to the co-catalyst compounds. 
Such compounds can be used singly or in combination of 
10 two or more kinds. Preferred examples of the co- 
catalyst components (Ila) include magnesium compounds 
such as magnesium carbonate and magnesium acetate; 
calcium compounds such as calcium carbonate and 
calcium acetate; and zinc compounds such as zinc 
15 chloride and zinc acetate. 

Examples of the phosphoric esters used in 
combination with the polycondensation catalyst in the 
polycondensation reaction include trimethyl phosphate, 
triethyl phosphate, tri-n-butyl phosphate, trioctyl 
20 phosphate, triphenyl phosphate and tricresyl phosphate. 

The production of a polyester comprising 
polycondensing an aromatic dicarboxylic acid or an 
ester-forming derivative thereof and an aliphatic diol 
or an ester-forming derivative is carried out through 
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the esterif ication step, the liquid phase 
polycondensation step, and if necessary, the solid 
phase polycondensation step, as described above. 

The hydrolyzate (I-m) or (I-n) is used in an 
amount of usually 0.0005 to 0.2 % by weight, 
preferably 0.001 to 0.05 % by weight, in terms of 
weight of a metal in the polycondensation catalyst, 
based on the weight of a mixture of the aromatic 
dicarboxylic acid and the aliphatic diol. 

The phosphoric ester is used in an amount of 
usually 0.001 to 0 . 1 % by weight, preferably 0.002 to 
0.02 % by weight, in terms of phosphorus atom. When 
the amounts of the hydrolyzate (I-m) or (I-n) and the 
phosphoric ester are within the above ranges, the 
effect of shortening the polycondensation time is high. 

The co-catalyst component (Ila) is desirably used 
in such an amount that the molar ratio ((M)/(I-m)) of 
the metal atom (M) in the co-catalyst component (Ila) 
to titanium in the hydrolyzate (I-m) or the molar 
ratio ((M)/(I-n)) of the metal atom (M) in the co- 
catalyst component (Ila) to titanium and another 
element in the hydrolyzate (I-n) is in the range of 
1/50 to 50/1, preferably 1/40 to 40/1, more preferably 
1/30 to 30/1. When a phosphorus compound such as a 
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phosphate or a phosphite is used, the amount thereof 
is an amount in terms of a metal atom contained in the 
phosphorus compound . 

The polycondensation catalyst and the phosphoric 
5 ester can be fed to any stage of the esterif ication 
reaction step, or can be fed to the reactor in the 
first stage of the polycondensation reaction step. 

According to the present invention, a polyester 
having a desired intrinsic viscosity can be obtained 
10 for a short period of time. 

A still further embodiment of the process for 
producing a polyester according to the invention is 
described below. 

This embodiment is a process for producing a 
15 polyester, comprising polycondensing an aromatic 
dicarboxylic acid or an ester-forming derivative 
thereof and an aliphatic diol or an ester-forming 
derivative thereof in the presence of a 
polycondensation catalyst selected from the following 
20 catalysts (1) to (3) and at least one compound 

selected from cyclic lactone compounds and hindered 
phenol compounds to produce a polyester; 
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(1) a polycondensation catalyst comprising a 
hydrolyzate (I-m) obtained by hydrolyzing a titanium 
halide, 

(2) a polycondensation catalyst comprising a 

5 hydrolyzate (I-n) obtained by hydrolyzing a mixture of 
a titanium halide and a compound of at lease one 
element selected from elements other than titanium or 
a precursor of the compound, and 

(3) a polycondensation catalyst comprising: 
O 10 the hydrolyzate (I-m) or (I-n), and 

IfU a compound of at least one element selected from 

W beryllium, magnesium, calcium, strontium, barium, 

v3 boron, aluminum, gallium, manganese, cobalt, zinc, 

!;* germanium and antimony, a phosphate or a phosphite. 

S"y 15 The hydrolyzate (I-m) obtained by hydrolyzing a 

p titanium halide and the hydrolyzate (I-n) obtained by 

s;;sk 

hydrolyzing a mixture of a titanium halide and a 
compound of at least one element selected from 
elements other than titanium or a precursor of the 
20 compound are the same as the hydrolyzate (I-m) and the 
hydrolyzate (I-n) previously described, respectively. 

The compound of at least one element selected from 
beryllium, magnesium, calcium, strontium, barium, 
boron, aluminum, gallium, manganese, cobalt, zinc, 
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germanium and antimony, the phosphate or the phosphite 
is the same as the co-catalyst component (Ila) 
described above. Preferred examples of the co- 
catalyst components (Ila) include magnesium compounds 
5 such as magnesium carbonate and magnesium acetate; 
calcium compounds such as calcium carbonate and 
calcium acetate; and zinc compounds such as zinc 
chloride and zinc acetate. 

At least one compound selected from cyclic lactone 
10 compounds and hindered phenol compounds used in the 
polycondensation reaction is, for example, 

5 , 7-di-t-butyl-3 - ( 3 , 4-dimethylphenyl ) -3H- 
benzof uran-2 -one , 

tetrakis (methylene-3 (3 , 5-di-t-butyl-4- 
15 hydroxyphenyl) propionate) methane, 

tris (2 , 4 -di-t-butylphenyl) phosphite, 

bis (2, 6-di-t-butyl-4-phenylmethyl)pentaerythritol- 
diphosphite, 

3 . 5- di-t-butyl-4-hydroxybenzylphosphoric acid 
20 distearyl ester, 

2 . 6- di-t-butylphenol , 

3 , 5-di-t-butyl-4-hydroxytoluene, 
n-octadecyl-3- (4 1 -hydroxy- 3 ' , 5 1 -di-t- 
butylphenyl ) propionate , 
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tris (3 , 5-di-t-butyl-4-hydroxyphenyl) phosphite, 
triphenyl phosphite, or 

tetrakis (2 , 4-di-t-butylphenyl ) -4,4* -biphenylene 
diphosphite. 

5 These cyclic lactone compounds and hindered phenol 

compounds can be used singly or in combination. 

At least one compound selected from cyclic lactone 
compounds and hindered phenol compounds is preferably 
a mixture of 5, 7-di-t-butyl-3 - (3 , 4-dimethylphenyl ) -3H- 

10 benzofuran-2-one, tetrakis (methylene-3 (3 , 5-di-t-butyl- 
4 -hydroxypheny 1 ) propionate) methane and tris (2 , 4-di-t- 
butylphenyl ) phosphite . 

The production of a polyester comprising 
polycondensing an aromatic dicarboxylic acid or an 

15 ester-forming derivative thereof and an aliphatic diol 
or an ester-f orming derivative is carried out through 
the esterif ication step, the liquid phase 
polycondensation step, and if necessary, the solid 
phase polycondensation step, as described above. 

20 The hydrolyzate (I-m) or (I-n) is used in an 

amount of usually 0.0005 to 0 . 2 % by weight, 
preferably 0.001 to 0.05 % by weight, in terms of a 
metal atom in the polycondensation catalyst (1) or (2), 
based on the weight of a mixture of the aromatic 
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dicarboxylic acid and the aliphatic diol. When the 
amount of the hydrolyzate (I-m) or (I-n) is within the 
above range, the effect of shortening the 
polycondensation time is high. 
5 The hydrolyzate (I-m) or (I-n) can be fed to the 

reactor in the esterif ication reaction step, or can be 
fed to the reactor in the first stage of the liquid 
phase polycondensation reaction step. 

When the co-catalyst component (Ila) is added, 

10 this component is desirably used in such an amount 

that the molar ratio ( (M) / ( I-m) ) of the metal atom (M) 
in the co-catalyst component to titanium in the 
hydrolyzate (I-m) or the molar ratio ((M)/(I-n)) of 
the metal atom (M) in the co-catalyst component to 

15 titanium and another element in the hydrolyzate (I-n) 
is in the range of 1/50 to 50/1, preferably 1/40 to 
40/1, more preferably 1/30 to 30/1. When a phosphorus 
compound such as a phosphate or a phosphite is used, 
the amount thereof is an amount in terms of a metal 

20 atom contained in the phosphorus compound. 

The co-catalyst component (Ila) can be fed to the 
reactor in the esterif ication reaction step, or can be 
fed to the reactor in che first stage of the liquid 
phase polycondensation reaction step. Further, the 
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co-catalyst component can be added at the same time as 
the hydrolyzate (I-m) or (I-n) or separately. 

The at least one compound selected from cyclic 
lactone compounds and hindered phenol compounds is 
5 used in an amount of usually 10 to 2000 ppm, 

preferably 3 0 to 10 0 0 ppm, based on the aromatic 
dicarboxylic acid units in the low condensate. When 
the amount of at least one compound selected from 
cyclic lactone compounds and hindered phenol compounds 
10 is in the above range, a polyester having a low 
content of acetaldehyde can be obtained. 

The at least one compound selected from cyclic 
lactone compounds and hindered phenol compounds can be 
fed to the reactor in the es terif ication reaction step, 
15 or can be fed to the reactor in the first stage of the 
liquid phase polycondensation reaction step. Further, 
such compound can be added at the same time as the 
hydrolyzate (I-m) or (I-n) or separately. 

In the present invention, at least one phosphorus 
20 compound selected from phosphoric acid and phosphoric 
esters may be used in combination in the 
polycondensation reaction. Examples of the phosphoric 
esters include trimethyl phosphate, triethyl phosphate, 
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tri-n-butyl phosphate, trioctyl phosphate, triphenyl 
phosphate and tricresyl phosphate . 

The phosphoric compound is used in an amount of 
usually 0.001 to 0 . 1 % by weight, preferably 0.002 to 
5 0.02 % by weight, in terms of phosphorus atom, based 
on the weight of a mixture of the aromatic 
dicarboxylic acid and the aliphatic diol. 

The phosphoric compound can be fed to the reactor 
in the esterif ication reaction step, or can be fed to 
10 the reactor in the first stage of the liquid phase 
polycondensation reaction step. 

The polyester obtained by the above process has a 
low acetaldehyde content. From such polyester, molded 
products hardly generating bad odor or foreign odor or 
15 hardly changing flavor or scent of the contents can be 
obtained. 

The acetaldehyde content in the polyester is 
measured by the aforesaid method. 

According to the present invention, a polyester 
20 can be produced with high polymerization activity, and 
the resulting polyester has a low acetaldehyde content. 

A still further embodiment of the process for 
producing a polyester according to the invention is 
described below. 
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This embodiment is a process for producing a 
polyester, comprising an esterif ication step in which 
an aromatic dicarboxylic acid or an ester-forming 
derivative thereof and an aliphatic diol or an ester- 
5 forming derivative thereof are esterified to form a 
low condensate and a polycondensation step in which 
the low condensate is polycondensed in the presence of 
a polycondensation catalyst to increase the molecular 
weight, wherein: 
10 the polycondensation catalyst used is a catalyst 

comprising: 

(I) a polycondensation catalyst component 
comprising a hydro lyzate (I-m) obtained by 
hydrolyzing a titanium halide or a hydrolyzate <I-n) 

15 obtained by hydrolyzing a mixture of a titanium halide 
and a compound of at least one element selected from 
elements other than titanium or a precursor of the 
compound, and 

(II) a co-catalyst component comprising a compound 
20 of at least one element selected from the group 

consisting of beryllium, magnesium, calcium, strontium, 
barium, boron, aluminum, gallium, manganese, cobalt, 
zinc, germanium, antimony and phosphorus; 
and 
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a tint adjusting agent is added in the 
esterif ication step or the polycondensation step. 

The hydrolyzate (I-m) obtained by hydrolyzing a 
titanium halide and the hydrolyzate (I-n) obtained by 
5 hydrolyzing a mixture of a titanium halide and a 
compound of at least one element selected from 
elements other than titanium or a precursor of the 
compound are the same as the hydrolyzate (I-m) and the 
hydrolyzate (I-n) previously described, respectively. 

10 Examples of the co-catalyst components (II) 

comprising a compound of at least one element selected 
from the group consisting of beryllium, magnesium, 
calcium, strontium, barium, boron, aluminum, gallium, 
manganese, cobalt, zinc, germanium, antimony and 

15 phosphorus include the same co-catalyst compounds as 
previously described. Preferred examples of the co- 
catalyst components (II) include magnesium compounds 
such as magnesium carbonate and magnesium acetate; 
calcium compounds such as calcium carbonate and 

20 calcium acetate; and zinc compounds such as zinc 

chloride and zinc acetate. The co-catalyst compounds 
can be used singly or in combination of two or more 
kinds . 
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The production of a polyester comprising an 
esterif ication step in which an aromatic dicarboxylic 
acid or an ester-forming derivative thereof and an 
aliphatic diol or an ester-forming derivative thereof 
5 are esterified to form a low condensate and a 

polycondensation step in which the low condensate is 
polycondensed in the presence of a polycondensation 
catalyst to increase the molecular weight is carried 
out through the esterif ication step, the liquid phase 

10 polycondensation step, and if necessary, the solid 
phase polycondensation step, as described above. 

The polycondensation catalyst component (I) is 
used in an amount of usually 0.0005 to 0 . 2 % by weight, 
preferably 0.001 to 0.05 % by weight, in terms of 

15 weight of a metal in the catalyst component (I), based 
on the weight of a mixture of the aromatic 
dicarboxylic acid and the aliphatic diol. 

The co-catalyst component (II) is desirably used 
in such an amount that the molar ratio ( (M) / (Ti) ) of 

20 the metal atom (M) in the co-catalyst component to 
titanium (and another element if the component (I) 
contains another element) (Ti) in the polycondensation 
catalyst component (I) is in the range of 1/50 to 50/1, 
preferably 1/40 to 40/1, more preferably 1/30 to 30/1. 
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When a phosphorus compound such as a phosphate or a 
phosphite is used as the co-catalyst component, the 
amount thereof is an amount in terms of a metal atom 
contained in the phosphorus compound. 

The co-catalyst component (II) can be fed to the 
polymerization reactor in the esterif ication reaction 
step, or can be fed to the reactor in the first stage 
of the liquid phase polycondensation reaction step. 
Further, the co-catalyst component can be added at the 
same time as the polycondensation catalyst component 
or separately. 

The tint adjusting agent employable herein is, for 
example, an organic pigment, an inorganic pigment, an 
organic dye or an inorganic dye, and is particularly 
preferably one having a tint of blue or red. Specific 
examples thereof include Solvent Blue 104, Pigment Red 
2 63, Solvent Red 13 5, Pigment Blue 29, Pigment Blue 
15:1, Pigment Blue 15:3, Pigment Red 187 and Pigment 
Violet 19 (Color Index Name) . 

The tint adjusting agents can be used singly or in 
combination. 

The tint adjusting agent is used in an amount of 
usually 0.05 to 100 ppm, preferably 0.1 to 50 ppm, 
based on the weight of the polyester. 
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The tint adjusting agent can be fed to the reactor 
in the esterif ication reaction step, or can be fed to 
the reactor in the first stage of the liquid phase 
polycondensation reaction step. Further, the tint 
5 adjusting agent can be added at the same time as the 
polycondensation catalyst component or separately. 

According to the present invention, a polyester 
having a good tint can be produced with high 
polymerization activity. 
10 Next, the method for treating a polyester 

according to the present invention is described. 

One embodiment of the method for treating a 
polyester according to the invention comprises 
bringing a polyester, which is obtained by the use of 
15 a titanium compound catalyst and in which the reaction 
has been completed, into contact with a phosphorous 
acid aqueous solution, a hypophosphorous acid aqueous 
solution, a phosphoric ester aqueous solution, a 
phosphorous ester aqueous solution or a 
20 hypophosphorous ester aqueous solution, each of said 
solutions having a concentration of not less than 10 
ppm in terms of phosphorus atom. 

Another embodiment of the method for treating a 
polyester according to the invention comprises 
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bringing a polyester, which is obtained by the use of 
a titanium compound catalyst and in which the reaction 
has been completed, into contact with an organic 
solvent . 

A further embodiment of the method for treating a 
polyester according to the invention comprises 
bringing a polyester, which is obtained by the use of 
a titanium compound catalyst and in which the reaction 
has been completed, into contact with an organic 
solvent solution of phosphoric acid, an organic 
solvent solution of a phosphoric ester, an organic 
solvent solution of phosphorous acid, an organic 
solvent solution of hypophosphorous acid, an organic 
solvent solution of a phosphorous ester or an organic 
solvent solution of a hypophosphorous ester, each of 
said solutions having a concentration of not less than 
10 ppm in terms of phosphorus atom. 

The polyester used in the treating method of the 
invention is a polyester produced by using as starting 
materials an aromatic dicarboxylic acid or an ester- 
forming derivative thereof, an aliphatic diol or an 
ester-forming derivative thereof, and if necessary, a 
polyfunctional compound or the like, and is preferably 
polyethylene terephthalate produced by using as 
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starting materials terephthalic acid or an ester- 
forming derivative thereof and ethylene glycol or an 
ester-forming derivative thereof. In the polyethylene 
cerephthalate, other dicarboxylic acids and/or other 
5 glycols may be copolycondensed in amounts of not more 
than 20 % by mol. 

Examples of dicarboxylic acids other than 
terephchalic acid include aromatic dicarboxylic acids, 
such as phthalic acid, isophthalic acid, 

10 naphthalenedicarboxylic acid, diphenyldicarboxylic 
acid and diphenoxyethanedicarboxylic acid; aliphatic 
dicarboxylic acids, such as adipic acid, sebacic acid, 
azelaic acid and decanedicarboxylic acid; alicyclic 
dicarboxylic acids, such as cyclohexanedicarboxylic 

15 acid; and ester-forming derivatives thereof. 

Examples of glycols other than ethylene glycol 
include aliphatic glycols, such as trimethylene glycol, 
propylene glycol, tetramethylene glycol, neopentyl 
glycol, hexamethylene glycol and dodecamethylene 

20 glycol; alicyclic glycols, such as 

cyclohexanedimethanol; aromatic diols, such as 
bisphenols , hydroquinone, 2 , 2 -bis (4-J3- 
hydroxyethoxyphenyl) propane, 1, 3 -bis (2- 
hydroxyethoxy) benzene and l,4-bis(2- 
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hydroxyethoxy) benzene; and ester- forming derivatives 
thereof . 

The polyester used in the treating method of the 
invention can be produced by using, as starting 
5 materials, the aromatic dicarboxylic acid or an ester- 
forming derivative thereof and the aliphatic diol or 
an ester-forming derivative thereof, preferably 
terephthalic acid or an ester-forming derivative 
thereof and ethylene glycol or an ester-forming 
10 derivative thereof, and performing the esterif ication, 
the liquid phase polycondensation, and if necessary, 
the solid phase polycondensation, as previously 
described. 

The polycondensation reaction is preferably 
15 carried out in the presence of the below-described 

polycondensation catalyst and the aforesaid stabilizer. 

The polycondensation catalyst employable herein is, 
for example, the aforesaid hydrolyzate (I-m) obtained 
by hydrolyzing a titanium halide or the aforesaid 
20 hydrolyzate (I-n) obtained by hydrolyzing a mixture of 
a titanium halide and a compound of at least one 
element selected from elements other than titanium or 
a precursor of the compound. 
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Also employable as the polycondensation catalysts 
are titanium alkoxides, such as titanium butoxide and 
titanium tetraisopropoxide ; organic titanium compounds, 
such as an acetylacetonato salt of titanium; and 
5 titanium compounds, such as a hydrolyzate obtained by 
hydrolyzing titanium alkoxide. The hydrolyzate of 
titanium alkoxide can be prepared in a manner similar 
to that for preparing the hydrolyzate of titanium 
halide previously described. 
10 The hydrolyzate (I-m) or the hydrolyzate (I-n) 

(titanium-containing hydrolyzate (A-2)) is used in 
combination with a co-catalyst component (II) , if 
desired. 

Examples of the co-catalyst components (II) 
15 include the same co-catalyst compounds previously 
described. Of these, preferable are magnesium 
compounds, such as magnesium carbonate and magnesium 
acetate; calcium compounds, such as calcium carbonate 
and calcium acetate; and zinc compounds such as zinc 
20 chloride and zinc acetate. The co-catalyst compounds 
can be used singly or in combination of two or more 
kinds . 

When the magnesium compound is used as the co- 
catalyst component, a polyester (particularly, 
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polyethylene terephthalate) having excellent 
transparency can be obtained. 

The co-catalyst component (II) is desirably used 
in such an amount that the molar ratio ((II) /(A-2)) of 
5 the metal atom in the co-catalyst component (II) to 
titanium (and another element if the titanium- 
containing hydrolyzate (A-2) contains another element) 
in the titanium-containing hydrolyzate (A-2) is in the 
range of 1/50 to 50/1, preferably 1/40 to 40/1, more 

10 preferably 1/30 to 30/1. When a phosphorus compound 
such as a phosphate or a phosphite is used, the amount 
thereof is an amount in terms of a metal atom 
contained in the phosphorus compound. 

The polycondensation catalyst (I) is used in an 

15 amount of usually 0.0005 to 0.2 % by weight, 

preferably 0.001 to 0.05 % by weight, in terms of 
weight of a metal in the polycondensation catalyst, 
based on the weight of a mixture of the aromatic 
dicarboxylic acid and the aliphatic diol. The 

20 stabilizer is used in an amount of usually 0.001 to 

0.1 % by weight, preferably 0.002 to 0.02 % by weight, 
in terms of phosphorus atom in the stabilizer. The 
polycondensation catalyst and the stabilizer can be 
fed to the reactor in the liquid phase esterif ication 
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reaction step, or can be fed to the reactor in the 
first stage of the polycondensation reaction step. 

When the polyester of the invention is 
polyethylene terephthalate , the polyethylene 
5 terephthalate obtained from the last polycondensation 
reactor in the polycondensation reaction step 
desirably comprises: 

95.0 to 99.0 % by mol of ethylene terephthalate 
component units represented by the following formula: 



and 

1.0 to 5.0 % by mol of dioxyethylene terephthalate 
component units represented by the following formula: 



The intrinsic viscosity of the polyester obtained 
as above is desired to be usually not less than 0.50 
dl/g, preferably 0.50 to 1.50 dl/g, more preferably 
0.72 to 1.0 dl/g. The density of the polyester is 
20 desired to be usually not less than 1.37 g/cm 3 , 




10 




15 
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preferably 1.37 to 1.44 g/cm 3 , more preferably 1.3 8 to 
1.43 g/cm 3 , still more preferably 1.39 to 1.42 g/cm 3 . 

The acetaldehyde content in the polyester is 
desired to be not more than 5 ppm, preferably 0 to 3 
5 ppm, particularly preferably 0 to 2 ppm. The 

acetaldehyde content is measured by the aforesaid 
method. 

In the method for treating a polyester according 
to the invention, a polyester in which the reaction of 

10 the polyester production has been completed is used. 
The "polyester in which the reaction has been 
completed" means a polyester which does not exhibit a 
further increase of its viscosity after the reaction, 
and is for example a polyester given after the liquid 

15 phase polycondensation step or a polyester given after 
the solid phase polycondensation step. The polyester 
is usually particulate, but it may be in the form of 
powder or strand. 

In the present invention, the polyester, 

20 preferably polyethylene terephthalate , is subjected 

to: 

a phosphorus -containing aqueous solution treatment 
in which the polyester, preferably polyethylene 
terephthalate, is brought into contact with a 
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phosphorous acid aqueous solution, a hypophosphorous 
acid aqueous solution, a phosphoric ester aqueous 
solution, a phosphorous ester aqueous solution or a 
hypophosphorous ester aqueous solution (each solution 
sometimes being referred to as a "phosphorus- 
containing aqueous solution" hereinafter) ; 

an organic solvent treatment in which the 
polyester, preferably polyethylene terephchalate, is 
brought into contact with an organic solvent; or 

a phosphorus -containing organic solvent solution 
treatment in which the polyester, preferably 
polyethylene terephthalate, is brought into contact 
with an organic solvent solution of phosphoric acid, 
an organic solvent solution of phosphorous acid, an 
organic solvent solution of hypophosphorous acid, an 
organic solvent solution of a phosphoric ester, an 
organic solvent solution of a phosphorous ester or an 
organic solvent solution of a hypophosphorous ester 
(each solution sometimes being referred to as a 
"phosphorus -containing organic solvent solution" 
hereinafter) . 

Examples of the phosphoric esters used in the 
phosphorus -containing aqueous solution treatment 
include monomethyl phosphate, dimethyl phosphate, 
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trimethyl phosphate, monoethyl phosphate, diethyl 
phosphate, triethyl phosphate, tributyl phosphate, 
tri-n-butyl phosphate, trioctyl phosphate, triphenyl 
phosphate and tricresyl phosphate. Examples of the 
5 phosphorous esters include methyl phosphite, dimethyl 
phosphite, trimethyl phosphite, ethyl phosphite, 
diethyl phosphite, triethyl phosphite, tributyl 
phosphite, triphenyl phosphite, trisdodecyl phosphite 
and trisnonylphenyl phosphite. Examples of the 

10 hypophosphorous esters include methyl hypophosphite 
and trimethyl hypophosphite. 

The phosphorus -containing aqueous solution to be 
contacted with the polyester desirably has a 
concentration (in terms of phosphorus atom) of not 

15 less than 10 ppm, preferably 10 to 100000 ppm, more 
preferably 100 to 70000 ppm, particularly preferably 
1000 to 50000 ppm. 

When the concentration of the phosphorus - 
containing aqueous solution is in the above range, the 

20 effect of inhibiting increase of the acetaldehyde 
content is high in the molding of the resulting 
polyester, and the molding can be made economically. 
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The contact of the polyester with the phosphorus- 
containing aqueous solution can be carried out 
continuously or batchwise. 

In the batchwise contact of the polyester with the 
5 phosphorus -containing aqueous solution for example, a 
silo type treating apparatus is employable. In detail, 
the polyester and the phosphorus -containing aqueous 
solution are introduced into a silo to immerse the 
polyester in the phosphorus-containing aqueous 

10 solution. It is also possible that the polyester and 
the phosphorus-containing aqueous solution are 
introduced into a rotary cylindrical container to 
immerse the polyester in the phosphorus -containing 
aqueous solution and contacted while rotating the 

15 cylindrical container to perform the contact more 
efficiently. 

In the continuous contact of the polyester with 
the phosphorus -containing aqueous solution, for 
example, a tower type treating apparatus is employable. 
20 The polyester is continuously fed to the tower type 
treating apparatus at its top, and the phosphorus- 
containing aqueous solution is continuously fed to the 
apparatus as a counter flow or a parallel flow, 
whereby the polyester is immersed in the phosphorus- 
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containing aqueous solution to contact them with each 
other . 

The temperature for the contact of the polyester 
with the phosphorus -containing aqueous solution is in 
5 the range of usually 0 to 100°C, preferably 10 to 

95 °C, and the contact time is in the range of usually 
5 minutes to 10 hours, preferably 3 0 minutes to 6 
hours . 

After the contact of the polyester with the 
10 phosphorus -containing aqueous solution, the polyester 
is separated from the phosphorus -containing aqueous 
solution, hydro -extracted by a hydro -extracting device 
such as a particle vibrating screen or a Simon Carter 
(Gel dryer) , and dried. Drying of the polyester 
15 having been contacted with the phosphorus-containing 
aqueous solution can be carried out by a conventional 
drying method. 

In order to continuously dry the polyester, a 
hopper type through- flow dryer in which the polyester 
20 is fed at the top and a drying gas is fed from the 
bottom and passed through is generally used. For 
decreasing the drying gas and thereby efficiently 
drying the polyester, a method of using a continuous 
dryer of rotary disc heating type is available. In 
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this method, while passing a small amount of a drying 
gas, a heating steam or a heating medium is fed to a 
rotary disc or an external jacket to indirectly heat 
and dry the polyester. 
5 In order to batchwise dry the polyester, a method 

of using a double-cone type rotary dryer is available. 
In this method, the polyester is dried under reduced 
pressure, or under reduced pressure with passing a 
small amount of a drying gas, or at atmospheric 

10 pressure with passing a drying gas. The drying gas 
may be the atmosphere, but dry nitrogen or 
dehumidified air is preferable from the viewpoint of 
inhibition of decrease of the molecular weight due to 
the hydrolysis of the polyester. 

15 When the polyester is brought into contact with 

the phosphorus -containing aqueous solution as 
described above, the resulting polyester has small 
increase of the acetaldehyde content and small 
decrease of the intrinsic viscosity in the molding 

20 process. The reason is presumably that the 
polycondensation catalyst in the polyester is 
deactivated by the contact of the polyester with the 
phosphorus -containing aqueous solution. 
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From such polyester, molded products hardly 
generating bad odor or foreign odor or hardly changing 
flavor or scent of the contents can be obtained. 

This can be confirmed by, for example, measuring 
5 increase of the acetaldehyde content after the 

polyester is heated to a temperature of 275°C to melt 
it and then molded into a stepped square plate molded 
product. The stepped square plate molded product can 
u be produced in the following manner. 

J? 10 In the first place, 2 kg of a particulate 

IB polyester (i.e., polyester pellets, starting material) 

2 . 5 

|I whose acetaldehyde content (x % by weight) has been 

beforehand measured is dried for 16 hours or more 
ry under the conditions of a temperature of 140 °C and a 

M 15 pressure of 10 Torr using a tray dryer, to allow the 

O 

jhs particulate polyester to have a water content of not 

more than 50 ppm. 

The particulate polyester thus dried is then 
injection molded by an injection molding machine of M- 
20 7 OA manufactured by Meiki Seisakusho K.K. to obtain a 
stepped square plate molded product. In the molding, 
nitrogen having a dew point of -70°C is fed to the 
upper part of the hopper and the screw feeder shooting 
part at a rate of 5 Nm 3 /hr. The molding is carried out 
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under the conditions of a barrel preset temperature of 
275°C / C1/C2/C3 /nozzle tip temperatures of the molding 
machine of 260°C/290 o C/290 o C/30Q°C , and a mold cooling 
temperature of 15°C. 

In the injection molding, the dried particulate 
polyester is fed through the hopper to the injection 
molding machine having been adjusted to have molding 
conditions of metering of 12 seconds and injection of 
60 seconds. The residence time of the molten resin in 
the molding machine is about 72 seconds. The weight 
of a stepped square plate molded product is 75 g, and 
any one of the eleventh to fifteenth stepped square 
plate molded products from the beginning of the 
injection molding is used as a specimen for measuring 
the acetaldehyde content. 

The stepped square plate molded product has a 
shape shown in Fig. 1, and the thicknesses of the 
parts A, B and C are about 6.5 mm, about 5 mm and 
about 4 mm, respectively. The acetaldehyde content in 
the molded product is measured using the part C. 

The part C of the stepped square plate molded 
product produced as above is cut into chips, and using 
the chips as acetaldehyde content measuring samples, 
the acetaldehyde content is measured. 
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When the polyester, preferably polyethylene 
terephthalate, is subjected to the phosphorus- 
containing aqueous solution treatment as described 
above, the resulting polyester has small increase of 
5 the acetaldehyde content and small decrease of the 
intrinsic viscosity in the molding process. 

The organic solvent treatment is described below. 
Examples of organic solvents used in the organic 
solvent treatment include alcohols having 1 to 18 
O 10 carbon atoms, preferably 1 to 10 carbon atoms, such as 

iU methanol, ethanol, propanol, isopropanol, bucanol, 

^ pentanol, hexanol, 2-ethylhexanol , ocnanol, dodecanol, 

octadecyl alcohol, oleyl alcohol, benzyl alcohol, 
phenylethyl alcohol, cumyl alcohol, isopropyl alcohol 
: y 15 and isopropylbenzyl alcohol; ketones having 3 to 15 

carbon atoms, preferably 3 to 9 carbon atoms, such as 
acetone, methyl ethyl ketone, methyl isobutyl ketone, 
acetophenone, benzophenone and benzoquinone; and 
saturated hydrocarbons having 5 to 16 carbon atoms, 
20 preferably 5 to 10 carbon atoms, such as butane, 
pentane, hexane, heptane, octane, nonane, decane, 
undecane, dodecane, tridecane, tetradecane, 
pentadecane and hexadecane . Of these, isopropanol or 
acetone is preferable. 
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The contact of the polyester with the organic 
solvent can be carried out continuously or batchwise. 
Specifically, the contact can be carried out in the 
same manner as in the phosphorus -containing aqueous 
5 solution treatment except for using the organic 

solvent instead of the phosphorus -containing aqueous 
solution. 

The temperature for the contact of the polyester 
with the organic solvent is in the range of usually 0 

10 to 100°C, preferably 10 to 95 °C, although it varies 
depending upon the boiling point of the organic 
solvent. The contact time is in the range of usually 
3 minutes to 5 hours, preferably 3 0 minutes to 4 hours. 
After the contact of the polyester with the 

15 organic solvent, the polyester is separated from the 
organic solvent, hydro-extracted by a hydro-extracting 
device such as a particle vibrating screen or a Simon 
Carter (Gel dryer) , and dried. Drying of the 
polyester having been contacted with the organic 

20 solvent can be carried out by a conventional drying 

method. Specifically, the continuous drying method or 
the batchwise drying method described above is 
available . 
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When the polyester is brought into contact with 
the organic solvent as described above, the resulting 
polyester has small increase of the acetaldehyde 
content during the molding process. The reason is 
5 presumably that the polycondensation catalyst in the 
polyester is deactivated by the contact of the 
polyester with the organic solvent. 

From such polyester, molded products hardly 
generating bad odor or foreign odor or hardly changing 
10 flavor or scent of the contents can be obtained. This 
can be confirmed by measuring the acetaldehyde content 
in the sample, which is obtained by heating the 
polyester to a temperature of 270°C to melt it and 
then cooling it to room temperature, in accordance 
15 with the aforesaid method. 

When the polyester, preferably polyethylene 
terephthalate, is subjected to the organic solvent 
treatment as described above, the resulting polyester 
has small increase of the acetaldehyde content during 
20 the molding process. 

The phosphorus -containing organic solvent solution 
treatment is described below. 

Examples of phosphoric esters used in the 
phosphorus -containing organic solvent solution 
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treatment include the same phosphoric esters as used 
in the phosphorus -containing aqueous solution 
treatment . 

Examples of organic solvents used in the 
5 phosphorus -containing organic solvent solution 

treatment include the same organic solvents as used in 
the organic solvent treatment. Of these, isopropanol 
or acetone is preferable. 
H* The phosphorus -containing organic solvent solution 

O 10 to be contacted with the polyester has a concentration 

*E (in terms of phosphorus atom) of not less than 10 ppm, 

H preferably 10 to 100000 ppm, more preferably 100 to 

f 70000 ppm, particularly preferably 1000 to 50000 ppm. 

[U When the concentration of the phosphorus- 

H' 15 containing organic solvent solution is in the above 

O 

^ range, the effect of inhibiting increase of the 

acetaldehyde content is high in the molding of the 
resulting polyester, and the molding can be made 
economically. 

20 The contact of the polyester with the phosphorus- 

containing organic solvent solution can be carried out 
continuously or batchwise. Specifically, the contact 
can be carried out in the same manner as in the 
phosphorus -containing aqueous solution treatment 
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except for using the phosphorus -containing organic 
solvent solution instead of the phosphorus -containing 
aqueous solution. 

The temperature for the contact of the polyester 
5 with the phosphorus -containing organic solvent 
solution is in the range of usually 0 to 100°C / 
preferably 0 to 95 °C, although it varies depending 
upon the boiling point of the organic solvent. The 
contact time is in the range of usually 5 minutes to 
10 10 hours, preferably 30 minutes to 6 hours. 

After the contact of the polyester with the 
phosphorus -containing organic solvent solution, the 
polyester is separated from the phosphorus -containing 
organic solvent solution, hydro -extracted by a 
15 particle hydro-extracting device such as a vibrating 
screen or a Simon Carter and dried. Drying of the 
polyester having been contacted with the phosphorus- 
containing organic solvent solution can be carried- out 
by a conventional drying method. Specifically, the 
20 continuous drying method or the batchwise drying 
method described above is available. 

When the polyester is brought into contact with 
the phosphorus -containing organic solvent solution as 
described above, the resulting polyester has small 
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increase of the acetaldehyde content during the 
molding process. The reason is presumably that the 
polycondensation catalyst in the polyester is 
deactivated by the contact of the polyester with the 
5 phosphorus-containing organic solvent solution. 

From such polyester, molded products hardly 
generating bad odor or foreign odor or hardly changing 
flavor or scent of the contents can be obtained. 

This can be confirmed by measuring the 
10 acetaldehyde content in the sample, which is obtained 
by heating the polyester to a temperature of 2 85°C to 
melt it and then cooling it to room temperature, in 
accordance with the aforesaid method. 

When the polyester, preferably polyethylene 
15 terephthalate, is subjected to the phosphorus - 

containing organic solvent solution treatment as 
described above, the resulting polyester has small 
increase of the acetaldehyde content during the 
molding process . 
20 Next, the polyester according to the invention is 

described. 

The polyester (P-l) can be produced by the 
aforesaid process using the catalyst for polyester 
production comprising the solid titanium compound (I- 
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c) and the co-catalyst component (II) or the catalyst 
for polyester production comprising the titanium- 
containing solid compound (I-d) and if necessary the 
co-catalyst component (II) . 
5 The intrinsic viscosity of the polyester (P-l) is 

desired to be usually not less than 0.50 dl/g, 
preferably 0.50 to 1.50 dl/g, more preferably 0.72 to 
1.0 dl/g. The density thereof is desired to be 
usually not less than 1.37 g/cm 3 , preferably 1.37 to 

10 1.44 g/cm 3 , more preferably 1.38 to 1.43 g/cm 3 , still 
more preferably 1.3 9 to 1.42 g/cm 3 . 

The haze of the polyester (P-l) such as 
polyethylene terephthalate, i.e., haze of a molded 
product in the form of a plate having a thickness of 4 

15 mm obtained by molding the polyester at a molding 

temperature of 275°C, is usually not more than 20 %, 
preferably 0 to 10 %. 

The plate molded product for the measurement of a 
haze is the part C of the aforesaid stepped square 

20 plate molded product, and the stepped square plate 
molded product can be produced in the same manner as 
for the stepped square plate molded product for the 
measurement of increase of the acetaldehyde content. 
As a specimen for measuring the haze, any one of the 
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eleventh to fifteenth stepped square plate molded 
products from the beginning of the injection molding 
is used. In the measurement of a haze, a haze meter 
(Suga tester) HGM-2DP is used. 
5 The polyester (P-l) is excellent in tint, 

particularly in transparency, and has a low 
acetaldehyde content. The polyester (P-l) can be used 
as a material of various molded products. For example, 
the polyester is melt molded and used as blow molded 

10 articles (e.g., bottles), sheets, films, fibers, etc., 
but it is particularly preferably used as bottles. 

In order to produce bottles, sheets, films, fibers, 
etc. from the polyester (P-l) such as polyethylene 
terephthalate, hitherto known processes are available. 

15 Examples of the processes for producing bottles 

include a process comprising extruding the polyester 
(P-l) (preferably polyethylene terephthalate) in a 
molten state from a die to form a tubular parison, . 
holding the parison in a mold of desired shape, and 

20 blowing air into the parison to fit it to the mold 
thereby to produce a blow molded article, and a 
process comprising injection molding the polyester (P- 
1) (preferably polyethylene terephthalate) to form a 
preform, heating the preform up to a temperature 
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appropriate to stretching, holding the preform in a 
mold of desired shape, and blowing air into the 
preform to fit it to the mold thereby to produce a 
blow molded article. 
5 One example of the process for producing films or 

sheets is a process comprising extruding molten 
polyethylene terephthalate from a T-die using an 
extruder and molding conditions hitherto known. The 
thus obtained films and sheets may be stretched by a 
10 known stretching method. 

One example of the process for producing fibers is 
a process comprising extruding a molten polyester (P- 
1) , preferably molten polyethylene terephthalate, 
through a spinneret. The thus obtained fibers may be 
15 stretched. 

The polyester (P-l) , preferably polyethylene 
terephthalate, and the molded products obtained 
therefrom are excellent in transparency and tint and 
have a low acetaldehyde content. 
20 Another embodiment of the polyester according to 

the invention is described below. 

The polyester (P-2) is obtained by the aforesaid 
process for producing a polyester, wherein: 
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the polycondensation catalyst which comprises the 
polycondensation catalyst component (I) comprising the 
hydrolyzate (I-m) or the hydrolyzate (I-n) and the co- 
catalyst component (II) is used, and 
5 a tint adjusting gent is added in the 

esterif ication step or the polycondensation step. 

The intrinsic viscosity of the polyester (P-2) is 
desired to be usually not less than 0.50 dl/g, 
preferably 0.50 to 1.50 dl/g, more preferably 0.72 to 
10 1.0 dl/g. The density thereof is desired to be 

usually not less than 1.37 g/cm 3 , preferably 1.37 to 
1.44 g/cm 3 , more preferably 1.38 to 1.43 g/cm 3 , still 
more preferably 1.3 9 to 1.42 g/cm 3 . 

In the polyester (P-2) , 
15 a titanium atom is contained in an amount of 0.1 

to 200 ppm, preferably 0.5 to 100 ppm, more preferably 
1 to 50 ppm, based on the weight of the polyester, and 

a metal atom M selected from beryllium, magnesium, 
calcium, strontium, barium, boron, aluminum, gallium, 
20 manganese, cobalt, zinc and antimony is contained in 

an amount of 0.1 to 500 ppm, preferably 0.5 to 300 ppm, 
more preferably 1 to 250 ppm, based on the weight of 
the polyester. 
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The metal atom M is preferably magnesium, calcium 
or zinc, particularly preferably magnesium. Two or 
more kinds of metal atoms M may be contained, and in 
this case, the total of two or more kinds of the metal 
5 atoms is within the above range. 

The titanium atom contained in the polyester (P-2) 
is preferably a titanium atom derived from the 
poly condensation catalyst obtained by hydrolyzing a 
titanium halide, and the metal atom M is preferably a 
10 metal atom derived from the co-catalyst component. 

The molar ratio (titanium atom/metal atom M) of 
the titanium atom to the metal atom M is in the range 
of 1/50 to 50/1, preferably 1/40 to 40/1, more 
preferably 1/30 to 30/1. 
15 The titanium atom content and the metal atom 

content in the polyester of the invention is measured 
by a fluorescent X-ray method. 

In the polyester (P-2), the tint adjusting agent 
is desirably contained in an amount of 0.01 to 100 ppm, 
20 preferably 0.1 to 5 0 ppm. 

The content of a germanium atom in the polyester 
(P-2) is desirably not more than 5 ppm. 

The polyester (P-2), preferably polyethylene 
terephthalate , has an excellent tint. 




163 



A further embodiment of the polyester according to 
the invention is described below. 

The intrinsic viscosity of the polyester (P-3) is 
desired to be usually not less than 0.50 dl/g, 
5 preferably 0.5 0 to 1.50 dl/g, more preferably 0.72 to 
1.0 dl/g. The density thereof is desired to be 
usually not less than 1.37 g/cm 3 , preferably 1.3 7 to 
1.44 g/cm 3 , more preferably 1.3 8 to 1.43 g/cm 3 , still 
more preferably 1.3 9 to 1.42 g7cm 3 . 
10 In the polyester (P-3), 

a titanium atom is contained in an amount of 0.1 
to 200 ppm, preferably 0.5 to 100 ppm, more preferably 
1 to 50 ppm, based on the weight of the polyester, and 
a metal atom M selected from beryllium, magnesium, 
15 calcium, strontium, barium, boron, aluminum, gallium, 
manganese, cobalt, zinc and antimony is contained in 
an amount of 0.1 to 500 ppm, preferably 0.5 to 3 00 ppm, 
more preferably 1 to 25 0 ppm, based on the weight of 
the polyester. 

20 The metal atom M is preferably magnesium, calcium 

or zinc, particularly preferably magnesium. Two or 
more kinds of metal atoms M may be contained, and in 
this case, the total of two or more kinds of the metal 
atoms is within the above range. 
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The content of a germanium atom in the polyester 
(P-3) is desirably not more than 5 ppm. 

The titanium atom contained in the polyester (P-3) 
is preferably a titanium atom derived from the 
5 polycondensation catalyst obtained by hydrolyzing a 
titanium halide, and the metal atom M is preferably a 
metal atom derived from the co-catalyst component . 

The molar ratio (titanium atom/metal atom M) of 
the titanium atom to the metal atom M is in the range 
10 of usually 0.0 5 to 50, preferably 0.1 to 30, more 
preferably 0.2 to 25. 

In the polyester (P-3), the content (W 0 ppm) of 
acetaldehyde is not more than 4 ppm, preferably 0.1 to 
3.5 ppm, more preferably 0.5 to 3.0 ppm. 
15 When a content of acetaldehyde in a stepped square 

plate molded product obtained by heating the polyester 
(P-3) (acetaldehyde content: W 0 ppm) to a temperature 
of 275 °C to melt it and molding the molten polyester 
is taken as Wi ppm, the value of Wi-W 0 is not more than 
20 10 ppm, preferably not more than 9 ppm. 

The polyester (P-3), preferably polyethylene 
terephthalate, has a low acetaldehyde content and is 
remarkably inhibited in increase of the acetaldehyde 
content when the polyester is molded into a molded 
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product. For example, when the polyester (P-3) is 
molded into a bottle, flavor or scent of the contents 
filled in the bottle is hardly deteriorated. 

In the present invention, the increase of the 
5 acetaldehyde content during the molding is determined 
by measuring an acetaldehyde content in a stepped 
square plate molded product of the polyester by the 
aforesaid method. 

In the present invention, the term "acetaldehyde 

10 content" means an acetaldehyde content (W 0 ppm) 

measured with respect to the polyester before molding 
and an acetaldehyde content (W x ppm) measured with 
respect to the molded product obtained by injection 
molding of the polyester at a molding temperature of 

15 275 °C. From the values of W 0 ppm and VI 1 ppm, a value 
of Wi-Wq is calculated. 

When a polyester having a low acetaldehyde content 
(Wo ppm) and a Wi-Wq value (i.e., increase of 
acetaldehyde) of not more than 10 ppm is used, a 

20 molded product hardly generating bad odor or foreign 
odor and hardly changing flavor or scent of the 
contents can be obtained because the acetaldehyde 
content in the molded product is low. 
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The polyester (P-3) is preferably polyethylene 
terephthalate . 

The polyester (P-3) having the above properties is 
obtained by preparing a polyester in a manner similar 
5 to that for preparing a polyester used in the 
aforesaid polyester treating method and then 
subjecting the polyester in which the reaction has 
been completed to the phosphorus-containing aqueous 
solution treatment, the organic solvent treatment or 
* n 10 the phosphorus -containing organic solvent solution 

jry treatment . 

jTf The acetaldehyde content in the polyester to be 

In subjected to the phosphorus -containing aqueous 

y : solution treatment, the organic solvent treatment or 

fy 15 the phosphorus -containing organic solvent solution 

p treatment is usually not more than 4 ppm, preferably 

0.1 to 3.5 ppm, more preferably 0.5 to 3.0 ppm. 

Of the above treatments, the phosphorus -containing 
aqueous solution treatment and the phosphorus- 
20 containing organic solvent solution treatment are 
preferable, and the phosphorus-containing aqueous 
solution treatment is more preferable. 

By subjecting the polyester in which the reaction 
has been completed to the phosphorus -containing 
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aqueous solution treatment, the organic solvent 
treatment or the phosphorus-containing organic solvent 
solution treatment, increase of the acetaldehyde 
content in the molding process can be inhibited. The 
5 reason why the increase of the acetaldehyde content in 
the polyester during the molding can be inhibited by 
subjecting the polyester to any of the above 
treatments is presumably that the polycondensation 
catalyst in the polyester is deactivated, and 

10 therefore even when the polyester is heated, the 
decomposition reaction or the ester interchange 
reaction hardly proceeds and the amount of the 
acetaldehyde produced becomes small. 

The polyester having been treated as above is 

15 remarkably inhibited in the increase of the 

acetaldehyde content during the molding process. This 
can be confirmed by measuring the acetaldehyde content 
after the polyester having been subjected to the above 
treatment is heated to a temperature of 27 5°C to melt 

20 it and molded into a stepped square plate molded 
product . 

The polyester (P-3) has a low acetaldehyde content 
and small increase of acetaldehyde content in the 
molding process. Therefore, molded products, e.g., 
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bottles, films and sheets, having a low acetaldehyde 
content can be obtained from the polyester. If molded 
products having a high acetaldehyde content are used 
as containers of foods and drinks, bad odor or foreign 
5 odor is generated, or flavor or scent of the contents 
is changed. Further, photographic films produced from 
a polyester having a high acetaldehyde content are 
liable to have fog. 

The polyester (P-3), preferably polyethylene 

10 terephthalate, has a low acetaldehyde content, and the 
amount of acetaldehyde produced in the molding process 
is small. Therefore, the amount of acetaldehyde 
contained in the resulting molded product is small. 
Accordingly, when the polyester (P-3) is used as a 

15 material of bottles, films and sheets and molded into 
containers of foods and drinks, flavor or scent of the 
contents filled therein is not marred. 

A still further embodiment of the polyester 
according to the invention is described below. 

20 The intrinsic viscosity of the polyester (P-4) is 

desired to be usually not less than 0.50 dl/g, 
preferably 0.50 to 1.50 dl/g, more preferably 0.72 to 
1.0 dl/g. The density thereof is desired to be 
usually not less than 1.37 g/cm 3 , preferably 1.37 to 
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1.44 g/cm 3 , more preferably 1.3 8 to 1.43 g/cm 3 , still 
more preferably 1.3 9 to 1.42 g/cm 3 . 
In the polyester (P-4) , 

a titanium atom is contained in an amount of 0.1 
5 to 200 ppm, preferably 0.5 to 100 ppm, more preferably 
1 to 5 0 ppm, based on the weight of the polyester, and 
a metal atom M selected from beryllium, magnesium, 
calcium, strontium, barium, boron, aluminum, gallium, 
manganese, cobalt, zinc and antimony is contained in 
10 an amount of 0.1 to 50 0 ppm, preferably 0.5 to 3 00 ppm, 
more preferably 1 to 250 ppm, based on the weight of 
the polyester. 

The metal atom M is preferably magnesium, calcium 
or zinc, particularly preferably magnesium. Two or 
15 more kinds of metal atoms M may be contained, and in 

this case, the total of two or more kinds of the metal 
atoms is within the above range. 

The content of a germanium atom in the polyester 
(P-4) is desirably not more than 5 ppm. 
20 The titanium atom contained in the polyester (P-4) 

is preferably a titanium atom derived from the 
polycondensation catalyst obtained by hydrolyzing a 
titanium halide, and the metal atom M is preferably a 
metal atom derived from the co-catalyst component. 
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The molar ratio (titanium atom/metal atom M) of 
the titanium atom to the metal atom M is in the range 
of usually 0.05 to 50, preferably 0.1 to 30, more 
preferably 0.2 to 25. 

In the polyester (P-4) , the content (x % by 
weight) of a cyclic trimer (cyclic trimer of ethylene 
terephthalate represented by the following formula) is 
not more than 5 % by weight, preferably not more than 
0 .45 % by weight. 



When a content of a cyclic trimer in a stepped 
square plate molded product obtained by heating the 
polyester (P-4) (content of cyclic trimer: x % by 
weight) to a temperature of 290°C to melt it and 
molding the molten polyester is taken as y % by weight, 
x and y desirably satisfy the following relation 

y ^ -0 .20x + 0.20, 

preferably y ^ -0.20x + 0.18, 

more preferably y ^ -0.2 Ox + 0.16. 

The polyester (P-4) has a low cyclic trimer 
content. Further, increase of the cyclic trimer 
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content is remarkably inhibited when the polyester is 
molded into a molded product, and the amount of a 
cyclic trimer contained in the polyester is small in 
the molding process, so that stain of a mold hardly 
takes place. For example, in the production of a blow 
molded article comprising feeding the polyester (P-4) 
to a molding machine such as an injection molding 
machine to prepare a preform for a blow molded article, 
inserting the preform into a mold of given shape and 
conducting stretch blow molding and heat setting, the 
amount of the cyclic trimer hardly increases, and the 
amount of the cyclic trimer contained in the polyester 
in the molding is small, so that stain of the mold 
hardly takes place. 

The increase of the cyclic trimer content during 
the molding of the polyester (P-4) is determined by 
measuring the amount of the cyclic trimer contained in 
a stepped square plate molded product produced from 
the polyester (P-4) . The stepped square plate molded 
product is produced using, as a starting material, a 
particulate polyester (P-4) (polyester pellets) whose 
cyclic trimer content (x % by weight) has been 
previously measured, in the same manner as for a 
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stepped square plate molded product used for measuring 
increase of the acetaldehyde content. 

As a specimen for measuring the cyclic trimer 
content, any one of the eleventh to fifteenth stepped 
5 square plate molded products from the beginning of the 
injection molding is used. The part C of the stepped 
square plate molded product is cut into chips, and 
using the chips as cyclic trimer content measuring 
samples, the cyclic trimer content (z % by weight) is 
10 measured. 

The cyclic trimer content in the particulate 
polyester before production of the stepped square 
plated molded product and that in the stepped square 
plate molded product are measured in the following 
15 manner. 

A given amount of a polyester is dissolved in o- 
chlorophenol, then reprecipitated with tetrahydrof uran 
and filtered to remove a linear polyester. Then, the 
filtrate is fed to a liquid chromatograph (LC7A, 
20 manufactured by Shimadzu Seisakusho K.K.) to determine 
the amount of the cyclic trimer contained in the 
polyester. The obtained value is divided by the 
amount of the polyester to obtain the cyclic trimer 
content in the polyester. 
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The increase (y % by weight) of the cyclic trimer 
content given after the stepped square plate molded 
product is produced by melting the polyester under 
heating at 290°C is a value of z (% by weight) - x (% 
5 by weight) . 

The polyester (P-4) is preferably polyethylene 
terephthalate . 

The polyester (P-4) having the above properties is 
obtained by subjecting a polyester, which has been 
10 produced in a manner similar to that for preparing a 
polyester used in the aforesaid polyester treating 
method and has been obtained through the 
esterif ication step, the liquid phase polycondensation 
step and the solid phase polycondensation step, to the 
15 phosphorus-containing aqueous solution treatment, the 
organic solvent treatment or the phosphorus -containing 
organic solvent solution treatment. The polyester to 
be subjected to any of the above treatments is usually 
particulate, but it may be in the form of powder or 
20 strand. 

The cyclic trimer content in the polyester to be 
subjected to the phosphorus -containing aqueous 
solution treatment, the organic solvent treatment or 
the phosphorus -containing organic solvent solution 



SF-648 



174 



treatment is usually not more than 0 . 5 % by weight, 
preferably not more than 0.45 % by weight. 

The polyester (P-4) having been treated as above 
is remarkably inhibited in the increase of the cyclic 
trimer content when it is molded into a blow molded 
article or the like. This can be confirmed by 
measuring the cyclic trimer content after the 
polyester (P-4) having been subjected to the above 
treatment is heated to a temperature of 290 °C to melt 
it and molded into a stepped square plate molded 
product . 

By subjecting the polyester to the phosphorus - 
containing aqueous solution treatment, the organic 
solvent treatment or the phosphorus -containing organic 
solvent solution treatment, increase of the cyclic 
trimer content in the polyester during molding of the 
polyester into a stepped square plate molded product 
under heating to a temperature of 290°C can be 
inhibited. 

The reason why the increase of the cyclic trimer 
content in the polyester during the molding can be 
inhibited by subjecting the polyester to the 
phosphorus -containing aqueous solution treatment, the 
organic solvent treatment or the phosphorus -containing 
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organic solvent solution treatment is presumably that 
the polycondensation catalyst, e.g., titanium compound 
polycondensation catalyst, in the polyester is 
deactivated by any of the above treatments, and 
therefore even when the polyester is heated, the 
decomposition reaction or the ester interchange 
reaction hardly proceeds and the amount of the cyclic 
trimer produced becomes small. 

When a molded product is produced from the thus 
treated polyester (P-4) having a low cyclic trimer 
content by for example injection molding, the amount 
of the cyclic trimer contained in the polyester is 
small in the molding process. Therefore, stain of a 
mold caused by adhesion of the cyclic trimer to an 
inner surface of a mold or to a gas exhaust vent or a 
gas exhaust pipe of a mold hardly takes place, and the 
cyclic trimer does not adhere to a vent zone of an 
injection molding machine. 

The blow molded article according to the invention 
is produced from the polyester (P-4) {preferably 
polyethylene terephthalate) having an intrinsic 
viscosity of not less than 0.50 dl/g, a titanium atom 
content in a specific range, a content of metal atom M 
in a specific range, a titanium atom/metal atom ratio 
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in a specific range, a cyclic trimer content of not 
more than 0.5 % by weight and a specific relation 
between the cyclic trimer content and increase of the 
cyclic trimer content after molding of the polyester 
5 into a stepped square plate molded product. This blow 
molded article has a cyclic trimer content of not more 
than 0 . 6 % by weight, preferably 0.10 to 0.55 % by 
weight, more preferably 0.15 to 0.50 % by weight. 

Measurement of the cyclic trimer content in the 
10 blow molded article is carried out by the aforesaid 
method using a sample picked from the blow molded 
article . 

The blow molded article can be produced by a 
process hitherto known. Specifically, a preform is 

15 first prepared from the polyester (P-4) , preferably 
polyethylene terephthalate . The preform can be 
prepared by a method hitherto known, for example, 
injection molding or extrusion molding. In the 
preparation of a preform, the heating temperature of 

20 polyethylene terephthalate is preferably in the range 
of 90°C to 110°C. Then, the preform is heated to a 
temperature appropriate to stretching and subjected to 
stretch blow molding to produce a blow molded article. 
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If a blow molded article is produced from the 
polyester (P-4) having a low cyclic trimer content and 
having been subjected to the specific treatment, the 
amount of the cyclic trimer produced in the molding 
process is small. Therefore, in the production of a 
blow molded article comprising feeding the polyester 
(P-4) to a molding machine such as an injection 
molding machine to prepare a blow molded article 
preform, inserting the preform into a mold of given 
shape and conducting stretch blow molding and heat 
setting, stain of a mold caused by adhesion of the 
cyclic trimer to the mold hardly takes place. 

Since the blow molded article according to the 
invention is obtained from the polyester (P-4) having 
a low cyclic trimer content and having been subjected 
to the specific treatment, the amount of a cyclic 
trimer produced in the molding process is small, and 
therefore the blow molded article has a low cyclic 
trimer content and hardly suffers surface roughening 
or whitening (staining) . 

In the polyester (P-4), preferably polyethylene 
terephthalate, the cyclic trimer content is low, and 
the amount of a cyclic trimer produced in the molding 
process is small. Therefore, the amount of a cyclic 
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trimer contained in the polyester during the molding 
is small, and stain of a mold hardly takes place. 
Accordingly, it is unnecessary to carry out frequent 
washing in the production of molded products, and 
5 hence the productivity of blow molded articles such as 
bottles or molded products such as films and sheets 
can be increased. In addition, whitening (staining) 
of the blow molded articles, films and sheets can be 
prevented. 

O 10 The blow molded article according to the invention 

fy is obtained from the above-mentioned polyester, 

Ul preferably polyethylene terephthalate, so that the 

"*B cyclic trimer content in the blow molded article is 

^ low, and the blow molded article hardly suffers 

? y 15 surface roughening or whitening (staining) . 

M A still further embodiment of the polyester 

according to the invention is described. 

The polyester (P-5) is prepared by the use of an 
aromatic dicarboxylic acid or an ester- forming 
20 derivative thereof and an aliphatic diol or an ester- 
forming derivative thereof, if necessary, 
polyfunctional compounds as starting materials, and is 
preferably polyethylene terephthalate comprising 
recurring units derived from terephthalic acid or an 
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ester-forming derivative thereof and recurring units 
derived from ethylene glycol or an ester-forming 
derivative thereof. The polyethylene terephthalate 
may further contain recurring units derived from other 
dicarboxylic acids and/or other diols in amounts of 
not more than 20 % by mol. 

Examples of dicarboxylic acids other than 
terephthalic acid and diols other than ethylene glycol 
include the same compounds previously described. 

The polyethylene terephthalate may further contain 
recurring units derived from polyf unctional compounds 
such as trimesic acid, trimethylolethane , 
trimethylolpropane, trimethylolmethane and 
pentaerythritol . The recurring units derived from 
such polyfunctional compounds are preferably contained 
in amounts of 0 to 2 % by mol based on the recurring 
units derived from diol. 

The polyester containing the recurring units 
derived from the polyfunctional compounds in the above 
amount 'tends to have high melt flowability. 

The intrinsic viscosity of the polyester (P-5) is 
desired to be usually not less than 0.50 dl/g, 
preferably 0.50 to 1.50 dl/g, more preferably 0.72 to 
1.0 dl/g. The density thereof is desired to be 
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usually not less than 1.37 g/cm 3 , preferably 1.37 to 
1.44 g/cm 3 , more preferably 1.3 8 to 1.43 g/cm 3 , still 
more preferably 1.3 9 to 1.42 g/cm 3 . 

When the ratio (L/T) of a flow length (L) to a 
5 flow thickness (T) in the injection molding of the 
polyester (P-5) at 290°C is taken as Y and the 
intrinsic viscosity of a molded product obtained by 
the injection molding is taken as X (dl/g) , X and Y 
satisfy the following relation 
10 Y ^ 647 - 500X, 

preferably Y ^ 647.5 - 500X, 

more preferably Y ^ 648 - 500X. 

The polyester (P-5), which has the above relation 
between X and Y with the proviso that Y is a ratio 

15 (L/T) of a flow length (L) to a flow thickness (T) in 
the injection molding of the polyester at 290°C and X 
is an intrinsic viscosity of a molded product obtained 
by the injection molding, exhibits high melt 
flowability and excellent moldability even if the 

20 polyester has a high intrinsic viscosity. 

In the present invention, the ratio (L/T) of a 
flow length (L) to a flow thickness (T) in the 
injection molding of the polyester (P-5) at 290°C is 
measured in the following manner. 
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In the first place, 2 kg of a particulate 
polyester (P-5) {polyester pellets) is dried for 16 
hours or more under the conditions of a temperature of 
140 °C and a pressure of 10 Torr using a tray dryer, to 
5 allow the particulate polyester (P-5) to have a water 
content of not more than 50 ppm. 

Then, the thus dried sample is molded by an 
injection molding machine of M7 0B model manufactured 
by Meiki Seisakusho K.K. at a cylinder temperature of 
10 290°C using a L/T mold manufactured by Mitsui 

Chemicals, Inc. and setting the mold temperature at 
15 °C. The molding conditions are as follows. 

Injection pressure: 120 kg/cm 2 (gauge pressure) 

Injection rate: 90 % 
15 Metering position: 40 mm (constant) 

Injection time: 10 seconds (constant) 

Cooling time: 2 0 seconds (constant) 

The L/T mold has a cavity in a shape of 125 cm 
(length) x 10 mm (width) x 2 mm (thickness) and is 
20 provided with a gate at the lengthwise end. 

The injected resin flows spirally and radially 
from the gate portion in the cavity to melt and the 
molten resin moves in the cavity with keeping its 
shape of 10 mm in width and 2 mm in thickness (T) . 
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Samples for the L/T measurement are those of the 
eleventh shot to the twentieth shot from the beginning 
of molding. The flow lengths (L) of the samples are 
measured, an average of the lengths is calculated, and 
5 L/T is then calculated. 

The intrinsic viscosity (X) of the molded product 
obtained by the injection molding is determined as 
follows. A solution of a sample in a mixed solvent of 
phenol/1, 1, 2, 2- tetrachloroe thane (50/50 by weight) 
10 having a concentration of 0.5 g/dl is prepared, then 
the solution viscosity of the sample solution is 
measured at 25°C, and from the solution viscosity, the 
intrinsic viscosity is calculated. The sample for the 
intrinsic viscosity measurement is selected from the 
15 samples for the L/T measurement. 

The polyester (P-5) has the above relation between 
the ratio (Y) of a flow length to a flow thickness in 
the injection molding of the polyester at 290°C and 
the intrinsic viscosity (X) of a molded product 
20 obtained by the injection molding, and the polyester 
(P-5) having such relation exhibits high melt 
flowability and excellent moldability. 

In the polyester (P-5), the titanium atom content 
is in the range of preferably 1 to 10 0 ppm, 
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particularly preferably 1 to 8 0 ppm, and the magnesium 
atom content is in the range of preferably 1 to 200 
ppm, particularly preferably 1 to 100 ppm. The weight 
ratio (Mg/Ti) of the magnesium atom to the titanium 
5 atom contained in the polyester (P-5) is desired to be 
not less than 0.01, preferably 0.06 to 10, 
particularly preferably 0.06 to 5. The polyester (P- 
5) having a weight ratio (Mg/Ti) of the magnesium atom 
to the titanium atom in the above range tends to have 

10 excellent transparency. The chlorine content in the 
polyester (P-5) is preferably in the range of 0 to 
1000 ppm, particularly preferably 0 to 100 ppm. 

The polyester (P-5) having the above properties 
can be produced by, for example, the following process. 

15 An aromatic dicarboxylic acid or an ester-forming 

derivative thereof and an aliphatic diol or an ester- 
forming derivative thereof, preferably, terephthalic 
acid or an ester-forming derivative thereof and 
ethylene glycol or ester-forming derivative thereof, 

20 and if necessary, the aforesaid dicarboxylic acids, 
diols and polyfunctional compounds are used as 
starting materials, and they are subjected to the 
esterif ication step, the liquid phase polycondensation 
step, and if necessary, the solid phase 
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polycondensation step using the below-described 
polycondensation catalyst, whereby the polyester (P-5) 
can be obtained. 

As the polycondensation catalyst, a titanium 
5 compound catalyst is employable, and examples thereof 
include titanium alkoxides, such as titanium butoxide 
and titanium tetraisopropoxide; organic titanium 
compounds, such as acetylacetonato salt of titanium; 
and hydrolyzates obtained by hydrolysis of titanium 
10 alkoxides or hydrolysis of titanium halides. 

Hydrolysis of the titanium alkoxides or the titanium 
halides may be carried out in the presence of the 
compound of another element. 

In the production of the polyester (P-5), it is 
15 preferable to use the aforesaid hydrolyzate (I-m) or 
(I-n) (titanium-containing hydrolyzate (A-2)) as the 
polycondensation catalyst. 

The titanium-containing hydrolyzate (A-2) is used 
in combination with a co-catalyst component (II) , if 
20 necessary. 

Examples of the co-catalyst components (II) 
include the same co-catalyst compounds as previously 
described. Of these, preferable are magnesium 
compounds such as magnesium carbonate and magnesium 
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acetate; calcium compounds such as calcium carbonate 
and calcium acetate; and zinc compounds such as zinc 
chloride and zinc acetate. The co-catalyst compounds 
can be used singly or in combination of two or more 
5 kinds . 

When the magnesium compound is used as the co- 
catalyst component (II) , polyethylene terephthalate 
having excellent transparency is obtained. 

The co-catalyst component (II) is desirably used 
p 10 in such an amount that the molar ratio ((II) /(I)) of 

|y the metal atom (II) in the co-catalyst component to 

yj titanium (and another element if the titanium- 

v3 containing hydrolyzate (A-2) contains another element) 

j'* (I) in the polycondensation catalyst is in the range 

fU 15 of 1/50 to 50/1, preferably 1/40 to 40/1, more 

O preferably 1/30 to 30/1. When a phosphorus compound 

such as a phosphate or a phosphite is used, the amount 
thereof is an amount in terms of a metal atom 
contained in the phosphorus compound. 
20 The polycondensation catalyst is used in an amount 

of usually 0.0005 to 0.2 % by weight, preferably 0.001 
to 0.05 % by weight, in terms of weight of a metal in 
the polycondensation catalyst, based on the weight of 
a mixture of the aromatic dicarboxylic acid and the 
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aliphatic diol. When the aforesaid stabilizer is used, 
the amount thereof is in the range of usually 0.001 to 
0.1 % by weight, preferably 0.002 to 0.02 % by weight, 
in terms of a phosphorus atom in the stabilizer. The 
5 polycondensation catalyst and the stabilizer can be 

fed in the esterif ication reaction step, or can be fed 
to the reactor of the first stage of the 
polycondensation reaction step. 

The intrinsic viscosity of the polyester (P-5) 

10 obtained as above is desired to be usually not less 
than 0.50 dl/g, preferably 0.50 to 1.50 dl/g, more 
preferably 0.72 to 1.0 dl/g. The density of the 
polyester (P-5) is desired to be usually not less than 
1.37 g/cm 3 , preferably 1.37 to 1.44 g/cm 3 , more 

15 preferably 1.3 8 to 1.43 g/cm 3 , still more preferably 
1.39 to 1.42 g/cm 3 . 

When the ratio (L/T) of a flow length (L) to a 
flow thickness (T) in the injection molding of the' 
polyester (P-5) at 290°C is taken as Y and the 

20 intrinsic viscosity of a molded product obtained by 
the injection molding is taken as X (dl/g) , X and Y 
satisfy the relation Y ^ 647-500X. Further, the 
polyester (P-5) desirably has a titanium atom content 
of 1 to 100 ppm, particularly 1 to 80 ppm, and a 
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magnesium atom content of 1 to 200 ppm, particularly 1 
to 100 ppm. The weight ratio (Mg/Ti) of the magnesium 
atom to the titanium atom contained in the polyester 
(P-5) is desired to be not less than 0.01, preferably 
5 0.06 to 10, particularly preferably 0.06 to 5. When 
the polycondensation catalyst (I) is used as a 
polycondensation catalyst and the co-catalyst 
component (II) is optionally used in combination, the 
resulting polyester (P-5) exhibits excellent tint and 

10 transparency and has a low acetaldehyde content and a 
low content of an oligomer such as a cyclic trimer. 

The polyester (P-5) produced as above may contain 
additives hitherto known, such as stabilizer, release 
agent, antistatic agent, dispersant and colorant (e.g., 

15 dye, pigment) . These additives may be added in any 

step of the process for producing the polyester (P-5), 
and may be added by forming a masterbatch before 
molding. 

The polyester (P-5) can be used as a material of 
20 various molded products. For example, the polyester 
(P-5) is melt molded and used as blow molded articles 
(e.g., bottles), sheets, films, fibers, etc., but it 
is particularly preferably used as bottles. 
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In order to produce bottles, sheets, films, fibers, 
etc. from the polyester (P-5), hitherto known 
processes are available. 

The polyester (P-5) has high melt flowability and 
5 exhibits excellent moldability when molded into blow 
molded articles, films, sheets, fibers and the like. 

The preform for a blow molded article and the blow 
molded article according to the invention are obtained 
from the polyester (P-5) and have excellent 
10 transparency . 



EFFECT OF THE INVENTION 
The catalyst for polyester production according to 

the invention can produce a polyester with higher 
15 catalytic activity as compared with a germanium 

compound or an antimony compound which has been 

heretofore used as a poly condensation catalyst. 

According to the invention, a polyester having more 

excellent transparency and tint and lower acetaldehyde 
20 content can be obtained as compared with the case of 

using an antimony compound as a polycondensation 

catalyst . 

The catalyst for polyester production according to 
the invention, which comprises the solid titanium 
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compound (I-a) and/or the titanium-containing solid 
compound (I-b), and if necessary, the co-catalyst 
component (II) , can produce a polyester with higher 
catalytic activity as compared with a germanium 
compound or an antimony compound which has been 
heretofore used as a polycondensation catalyst. 
Further, when this catalyst is used, a polyester 
having more excellent transparency and tint and lower 
acetaldehyde content can be obtained as compared with 
the case of using an antimony compound as a 
polycondensation catalyst. Furthermore, a polyester, 
e.g., polyethylene terephthalate, obtained by the use 
of the catalyst of the invention and a molded product 
formed therefrom have excellent transparency and tint 
and have a low acetaldehyde content. 

The catalyst for polyester production according to 
the invention, which comprises the solid titanium 
compound (I-c) and the co-catalyst component (II) or 
comprises the titanium-containing solid compound (I-d) 
and if necessary the co-catalyst component (II) , can 
produce a polyester with higher catalytic activity as 
compared with a germanium compound or an antimony 
compound which has been heretofore used as a 
polycondensation catalyst. Further, when this 
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catalyst is used, a polyester having more excellent 
transparency and tint and lower acetaldehyde content 
can be obtained as compared with the case of using an 
antimony compound as a polycondensation catalyst. 
5 The catalyst for polyester production according to 

the invention, which comprises the solid titanium 
compound (I-e) , the solid titanium compound (I-f ) , the 
titanium-containing solid compound (I-g) or the 
titanium-containing solid compound (I-h) , and if 

10 necessary, the co-catalyst component (II) , can produce 
a polyester with higher catalytic activity as compared 
with a germanium compound or an antimony compound 
which has been heretofore used as a polycondensation 
catalyst. Further, when this catalyst is used, a 

15 polyester having more excellent transparency and tint 
and lower acetaldehyde content can be obtained as 
compared with the case of using an antimony compound 
as a polycondensation catalyst. 

The catalyst for polyester production according to 

20 the invention, which comprises the solid titanium 
compound (I-i) and if necessary the co-catalyst 
component (II) , can produce a polyester with higher 
catalytic activity as compared with a germanium 
compound or an antimony compound which has been 
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heretofore used as a polyconderisation catalyst. 
Further, when this catalyst is used, a polyester 
having more excellent transparency and tint and lower 
acetaldehyde content can be obtained as compared with 
5 the case of using an antimony compound as a 
polycondensation catalyst. 

The catalyst for polyester production according to 
the invention, which comprises a slurry obtained by 
heating a mixture of (A-l) the hydro lyzate (I-j) or 
10 the hydrolyzate (I-k) , (B) the basic compound and (C) 
the aliphatic diol, can produce a polyester having a 
desired intrinsic viscosity for a short period of time. 

The catalyst for polyester production according to 
the invention, which comprises (A-2) the hydrolyzate 
15 (I-m) or the hydrolyzate (I-n) and (D) the metallic 
phosphate, or the catalyst for polyester production 
according to the invention, which comprises a slurry 
obtained by heating a mixture of (A-2) the hydrolyzate 
(I-m) or the hydrolyzate (I-n) , (E) the metallic 
20 compound, (F) the phosphorus compound and (G) the 

aliphatic diol, can produce a polyester having a low 
acetaldehyde content with high polymerization activity. 

By the process for producing a polyester according 
to the invention wherein a catalyst comprising the 
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catalyst component (I) which comprises the hydrolyzate 
(I-j) or the hydrolyzate (I-k) and the co-catalyst 
component (II) is used as a polycondensation catalyst 
and the catalyst component (I) is added to the 
esterif ication reactor before the beginning of the 
esterif ication reaction or immediately after the 
beginning of the esterif ication reaction, a polyester 
having a desired intrinsic viscosity can be obtained 
for a short period of time. 

By the process for producing a polyester according 
to the invention wherein an aromatic dicarboxylic acid 
or an ester-f orming derivative thereof and an 
aliphatic diol or an ester-forming derivative thereof 
are polycondensed in the presence of a 
polycondensation catalyst selected from (1) a 
polycondensation catalyst comprising the hydrolyzate 
(I-m) , (2) a polycondensation catalyst comprising the 
hydrolyzate (I-n) and (3) a polycondensation catalyst 
comprising the hydrolyzate (I-m) or the hydrolyzate 
(I-n) and a metallic compound, a phosphate or a 
phosphite, and in the presence of at least one 
compound selected from cyclic lactone compounds and 
hindered phenol compounds, a polyester can be produced 
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with high polymerization activity, and the resulting 
polyester has a low acetaldehyde content. 

By the process for producing a polyester according 
to the invention wherein a catalyst comprising the 
5 polycondensation catalyst component (I) which 

comprises the hydrolyzate (I-m) or the hydrolyzate (I- 
n) and the co-catalyst component (II) is used and a 
tint adjusting agent is added in the esterif ication 
step or the polycondensation step, a polyester having 

10 an excellent tint can be produced with high 
polymerization activity. 

By the method for treating a polyester according 
to the invention, a polyester having small increase of 
the acetaldehyde content and small decrease of the 

15 intrinsic viscosity in the molding process can be 
obtained. 

The polyester (P-l) according to the invention has 
excellent transparency and tint and has a low 
acetaldehyde content. 
20 The polyester (P-2) according to the invention has 

excellent tint. 

The polyester (P-3) according to the invention a 
low acetaldehyde content and is remarkably inhibited 
in increase of the acetaldehyde content when molded 
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into a molded product. For example, when a bottle or 
the like is produced from the polyester (P-3), flavor 
or scent of the contents filled in the bottle is 
hardly deteriorated. 
5 The polyester (P-4) according to the invention has 

a low cyclic trimer content, and the amount of the 
cyclic trimer produced in the molding of the polyester 
is small. 

The polyester (P-5) according to the invention has 
10 high melt flowability and exhibits excellent 

moldability when molded into a blow molded article, a 
film, a sheet, a fiber or the like. 



EXAMPLE 

15 The present invention is further described with 

reference to the following examples, but it should be 
construed that the invention is in no way limited to 
those examples. 
Example 495-1 

20 Preparation of solid titanium compound 

Deionized water of 500 ml was weighed out and 
introduced into a 10 0 0 ml glass beaker. The deionized 
water in the beaker was cooled in an ice bath, and 
thereto was dropwise added 5 g of titanium 
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tetrachloride with stirring. When production of 
hydrogen chloride stopped, the beaker containing the 
reaction solution was taken out of the ice bath, and 
25% aqueous ammonia was dropwise added with stirring, 
5 to adjust pH of the solution to 8. The precipitate of 
titanium hydroxide produced was separated from the 
supernatant liquid by centrif ugation of 2500 
revolutions for 15 minutes. Then, the resulting 
titanium hydroxide precipitate was washed five times 

10 with deionized water. After the washing, solid-liquid 
separation was carried out by centrif ugation of 2500 
revolutions for 15 minutes. The washed titanium 
hydroxide was vacuum dried at 70 °C under a pressure of 
10 Torr for 18 hours to remove water content, whereby 

15 a solid titanium compound was obtained. 

Prior to use as a polycondensation catalyst, the 
solid titanium compound was pulverized into particles 
of about 10 ii. 

The absorbed water content in the solid titanium 

20 compound thus obtained was measured by a Karl 

Fischer's water content meter. As a result, the 
absorbed water content was 6.73 % by weight. Further, 
the weight loss on heating was measured by 
thermogravimetry . As a result, the weight of the 
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compound was reduced by 7.50 % by weight on heating up 
to 280°C and was further reduced by 2 . 17 % by weight 
on heating from 280°C to 600°C, based on the initial 
weight, and this weight loss proved to be due to 
5 desorption of water content and a nitrogen compound. 
In the catalyst, nitrogen was contained in an amount 
of 1.3 % by weight and chlorine was contained in an 
amount of only 14 ppm. Therefore, it is presumed that 
nitrogen is derived from not ammonium chloride but 

10 ammonia. The titanium content in the solid titanium 
compound, as measured by a high-frequency plasma 
emission analyzer, was 46 % by weight. 

From the above, the molar ratio between titanium 
and hydroxyl group in the solid titanium compound was 

15 found to be 1:0.157. Nitrogen and chlorine were 
analyzed by an all nitrogen microanalyzer 
(chemiluminescence method) and a chromatography, 
respectively, and for the calculation of the contents, 
they were considered to be desorbed as ammonia and 

20 hydrogen chloride, respectively. 

Example 495-2 

Pre paration of titanium-containincr solid comp ound 
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Deionized water of 500 ml was weighed out and 
introduced into a 1000 ml glass beaker. To the 
deionized water, 0.15 g of anhydrous magnesium 
hydroxide was added to give a dispersion. The 
5 dispersion in the beaker was cooled in an ice bath, 
and thereto was dropwise added 5 g of titanium 
tetrachloride with stirring. The liquid became acidic, 
and the magnesium hydroxide was dissolved. When 
production of hydrogen chloride stopped, the beaker 

10 containing the reaction solution was taken out of the 
ice bath, and 2 5% aqueous ammonia was dropwise added 
with stirring, to adjust pH of the solution to 8. The 
precipitate of titanium-containing complex hydroxide 
produced was separated from the supernatant liquid by 

15 centrifugation of 2500 revolutions for 15 minutes. 

Then, the precipitate of titanium-containing complex 
hydroxide was washed five times with deionized water. 
After the washing, solid-liquid separation was carried 
out by centrifugation of 2500 revolutions for 15 

20 minutes. The washed titanium-containing complex 

hydroxide was vacuum dried at 7 0°C under a pressure of 
10 Torr for 18 hours to remove water content, whereby 
a titanium-containing solid compound was obtained. 
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In the titanium-containing solid compound, the 
ratio between titanium atom and magnesium atom was 
91:9 by mol. By thermogravimetry , the molar ratio 
between titanium and hydroxyl group in the titanium- 
5 containing solid compound proved to be 1:0.31. Prior 
to use as a polycondensation catalyst, the titanium- 
containing solid compound was pulverized into 
particles of about 10 \i. 

10 Example 495- 3 

Preparation of titanium-containing solid compound 
Deionized water of 500 ml was weighed out and 
introduced into a 1000 ml glass beaker. To the 
deionized water, 0.16 g of colloidal silica (trade 

15 name: Snowtex OXS) was added to give a dispersion. 

The dispersion in the beaker was cooled in an ice bath, 
and thereto was dropwise added 5 g of titanium 
tetrachloride with stirring. The liquid became acidic, 
and the colloidal silica was dissolved. When 

20 production of hydrogen chloride stopped, the beaker 

containing the reaction solution was taken out of the 
ice bath, and 25% aqueous ammonia was dropwise added 
with stirring, to adjust pH of the solution to 8. The 
precipitate of titanium-containing complex hydroxide 
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produced was separated from the supernatant liquid by 
centrif ugation of 2500 revolutions for 15 minutes. 
Then, the precipitate of titanium-containing complex 
hydroxide was washed five times with deionized water. 
5 After the washing, solid-liquid separation was carried 
out by centrifugation of 2500 revolutions for 15 
minutes. The washed titanium-containing complex 
hydroxide was vacuum dried at 70°C under a pressure of 
10 Torr for 18 hours to remove water content, whereby 

10 a titanium-containing solid compound was obtained. 

In the titanium-containing solid compound, the 
ratio between titanium atom and silicon atom was 94:6 
by mol. By thermogravimetry, the molar ratio between 
titanium and hydroxyl group in the titanium-containing 

15 solid compound proved to be 1:0.60. Prior to use as a 
polycondensation catalyst, the titanium-containing 
solid compound was pulverized into particles of about 
10 U. 



20 Example 495-4 

Production of polyester 
To a reactor in which 3 3 500 parts by weight of a 
reaction solution was resident: during the steady 
operation, a slurry prepared by mixing high-purity 
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terephthalic acid (6458 parts by weight /hr) and 
ethylene glycol (2 615 parts by weight /hr) was 
continuously fed with stirring under the conditions of 
a temperature of 260°C and a pressure of 0.9 kg/cm 2 -G 
5 in a nitrogen atmosphere, to perform esterif ication 
reaction. In the esterif ication reaction, a mixture 
of water and ethylene glycol was distilled off. 

The esterif ication reaction product (low 
condensate) was continuously drawn out of the system 
10 so that the average residence time was controlled to 
3 . 5 hours . 

The number-average molecular weight of the low 
condensate of ethylene glycol and terephthalic acid 
was 600 to 13 00 (trimer to pentamer) . 
15 Using the solid titanium compound prepared in 

Example 495-1 as a polycondensation catalyst, liquid 
phase polycondensation reaction of the low condensate 
was conducted. 

The amount of the solid titanium compound added as 
20 the catalyst was 0.005 % by mol in terms of titanium 
atom, based on the terephthalic acid unit in the low 
condensate. The polycondensation reaction was carried 
out under the conditions of a temperature of 285°C and 
a pressure of 1 Torr. 
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The time (liquid phase polycondensation time) 
required to attain an intrinsic viscosity (IV) of 0.58 
dl/g of polyethylene terephthalate was 95 minutes. 



5 Example 495-5 

Polycondensation reaction was carried out in the 
same manner as in Example 495-4, except that the 
titanium-containing solid compound prepared in Example 
495-2 was used as the polycondensation catalyst. 
10 The time (liquid phase polycondensation time) 

required to attain an intrinsic viscosity (IV) of 0.58 
dl/g of polyethylene terephthalate was 76 minutes. 



Example 495-6 

15 Polycondensation reaction was carried out in the 

same manner as in Example 495-4, except that the 
titanium-containing solid compound prepared in Example 
495-3 was used as the polycondensation catalyst. 

The time (liquid phase polycondensation time) 

20 required to attain an intrinsic viscosity (IV) of 0.58 
dl/g of polyethylene terephthalate was 85 minutes. 



Example 495-7 
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Polycondensation reaction was carried out in the 
same manner as in Example 49 5-4, except that magnesium 
carbonate was used as the polycondensation catalyst in 
addition to the solid citanium compound prepared in 
5 Example 495-1. The amount of magnesium carbonate 
added was 0.005 % by mol in terms of magnesium atom, 
based on the terephthalic acid unit in the low 
condensate . 

The time (liquid phase polycondensation time} 
10 required to attain an intrinsic viscosity (IV) of 0.58 
dl/g of polyethylene terephthalate was 75 minutes. 



Example 495-3 

Polycondensation reaction was carried out in the 

15 same manner as in Example 495-4, except that magnesium 
acetate was used as the polycondensation catalyst in 
addition to the solid titanium compound prepared in 
Example 495-1. The amount of magnesium acetate added 
was 0.005 % by mol in terms of magnesium atom, based 

20 on the terephthalic acid unit in the low condensate. 

The time (liquid phase polycondensation time) 
required to attain an intrinsic viscosity (IV) of 0.58 
dl/g of polyethylene terephthalate was 70 minutes. 
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Example 495-9 

Polycondensation reaction was carried out in the 
same manner as in Example 495-4, excepc that the solid 
titanium compound prepared in Example 495-1 was stored 
5 in a closed container at room temperature for 2 months 
prior to use as the polycondensation catalyst. 

The time (liquid phase polycondensation time) 
required to attain an intrinsic viscosity (IV) of 0.58 
dl/g of polyethylene terephthalate was 101 minutes. 

10 It can be seen from this example that the solid 

titanium compound according to the invention is free 
from deterioration with time and has good storage 
properties. For reference, it is shown in a 
comparative example of Japanese Patent Publication No. 

15 26597/1972 that orthotitanic acid is deteriorated with 
time and lowered in the polycondensation activity. 

Comparative Example 495-1 

Polycondensation reaction was carried out in the 
20 same manner as in Example 495-4, except that antimony 
acetate that was industrially used was used as the 
polycondensacion catalyst. The amount of antimony 
acetate added was 0.025 % by mol in cerms of antimony, 
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based on the terephthalic acid unit in the low 
condensate . 

The time (liquid phase polycondensation time) 
required to actain an intrinsic viscosity (IV) of 0.58 
5 dl/g of polyethylene terephthalate was 120 minutes. 

Comparative Example 495-2 

Preparation of titanium compound 
The titanium hydroxide obtained after washing with 
10 deionized water in Example 495-1 was boiled at 100°C 
for 2 hours and then dried, to obtain a titanium 
compound. 

Production or polyester 
Polycondensation reaction was carried out in the 
15 same manner as in Example 495-4, except that the 
titanium compound obtained above was used as the 
polycondensation catalyst. 

The time (liquid phase polycondensation time) 
required to attain an intrinsic viscosity (IV) of 0.58 
20 dl/g of polyethylene terephthalate was 185 minutes. 

It is known that titanium hydroxide is converted 
into metacitanic acid when heated in water, and the 
titanium compound obtained by way of metatitanic acid 
has been found to have low polycondensation activity. 
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Example 496-7 

To an esterif icacion reactor, 76.81 mol of high- 
purity terephthalic acid and 86.03 mol of ethylene 
5 glycol were fed at 100°C at atmospheric pressure. 
Then, 0.0045 mol of the titanium-containing solid 
compound prepared in Example 495-2 was further added 
as a catalyst. Thereafter, the temperature of the 
reactor was raised to 2 60°C, and the reaction was 
10 conducted for 3 40 minutes under a pressure of 1.7 

kg/cm 2 -G in a nitrogen atmosphere. Water produced by 
the reaction was continually distilled off from the 
system. 

The total amount of the reaction solution in the 
15 esterif ication reactor was transferred into a 

polycondensation reactor beforehand set at 260°C. 

Then, a solution of 0.0073 mol of tributyl phosphate 

in 6.44 mol of ethylene glycol was further added to 

the reactor at atmospheric pressure, and the 
20 temperature of the reactor was raised to 280°C from 

260°C, while the pressure was reduced down to 2 Torr 

from atmospheric pressure. 

The reaction in uhe polycondensation reactor was 

furcher conducted for 108 minutes. Then, the reaction 
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product was drawn out of the polycondensation reactor 
in the form of strands. The strands were immersed in 
water, cooled and cut into particles by a strand 
cutter to obtain polyethylene terephthalate . The 
5 intrinsic viscosity of the polyethylene terephthalate 
was 0.65 dl/g, the titanium content and the magnesium 
content as measured by atomic absorption analysis were 
25 ppm and 2 ppm, respectively, and the Mg/Ti weight 
ratio was 0.08. 

10 The polyethylene terephthalate obtained by the 

liquid phase polymerization was then transferred into 
a solid phase polymerization tower, crystallized at 
17 0°C for 2 hours in a nitrogen atmosphere, and then 
subjected to solid phase polymerization at 210°C for 

15 13 hours to obtain particulate polyethylene 

terephthalate. The intrinsic viscosity of the 
polyethylene terephthalate was 0.825 dl/g. Using the 
polyethylene terephthalate, a stepped square plate 
molded product was produced in the same method as 

20 described above. The haze of part C of the stepped 
square plate molded product was 17.8 %. 



Examples 496-3 to 495-11. Example 496-2C 
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Polyethylene terephthalate was produced in the 
same manner as in Example 496-7, except that the 
catalyst and the polymerization conditions were 
changed as shown in Table 496-1. The results are set 
5 forth in Table 496-1. 

comparative Example 496-1 

Preparati on of titanium compound 
The titanium hydroxide obtained after washing with 
10 deionized water in Example 495-1 was boiled at 100°C 
for 2 hours and then dried, to obtain a titanium 
compound. 

Production of polyester 
Polycondensation reaction was carried out in the 
15 same manner as in Example 496-7, except that the 
titanium compound obtained above was used as the 
polycondensation catalyst. 

The time (liquid phase polycondensation time) 
required to attain an intrinsic viscosity (IV) of 0.65 
20 dl/g of polyethylene terephthalate was 263 minutes. 

It is known thai: titanium hydroxide is converted 
into metatitanic acid when heated in water, and the 
titanium compound obtained by way of metatitanic acid 
has been found to have low polycondensation activity. 
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The titanium content and the magnesium content in 
the polyethylene terephthalate were 25 ppm and 16 ppm, 
respectively, the Mg/Ti ratio (by weight) was 0.64, 
and the chlorine content in the polyethylene 
terephthalate was not more than 1 ppm. 
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Example 473-1 

Preparation of solid titanium compound 
Deionized water of 500 ml was weighed out and 
introduced into a 1000 ml glass beaker. The deionized 
5 water in the beaker was cooled in an ice bath, and 
thereto was dropwise added 5 g of titanium 
tetrachloride with stirring. When production of 
hydrogen chloride stopped, the beaker containing the 
reaction solution was taken out of the ice bath, and 

10 2 5% aqueous ammonia was dropwise added at room 
temperature with stirring, to adjust pH of the 
solution to 9. To the solution, a 15% acetic acid 
aqueous solution was dropwise added at room 
temperature with stirring, to adjust pH of the 

15 solution to 5. The resulting precipitate was 

separated by filtration and washed 5 times with 
deionized water. After the washing, solid-liquid 
separation was carried out by filtration similarly to 
the above. The washed titanium compound was vacuum 

20 dried at 70°C under a pressure of 10 Torr for 18 hours 
to remove water content, whereby a solid titanium 
compound was obtained. 
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Prior to use as a polycondensation catalyst, the 
solid titanium compound was pulverized into particles 
of about 10 ii. 

The absorbed water content in the solid titanium 
5 compound thus obtained was measured by a Karl 

Fischer's water content meter. As a result, the 
absorbed water content was 11.29 % by weight. Further, 
the weight loss on heating was measured by 
thermogravimetry . As a result, the weight loss on 

10 heating up to 600°C was 13.65 % by weight. 

Measurements of titanium content, nitrogen content and 
chlorine content in the solid titanium compound 
resulted in 43 % by weight, 510 ppm and 7 6 ppm, 
respectively. From these results, the molar ratio 

15 between titanium and hydroxy 1 group in the solid 
titanium compound was found to be 1:0.28. The 
titanium concent was measured by atomic absorption 
analysis. Nitrogen and chlorine were analyzed by an 
all nitrogen microanalyzer (chemiluminescence method) 

20 and chromatography, respectively, and for the 

calculation of the contents, they were considered to 
be desorbed as ammonia and hydrogen chloride, 
respectively. 
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Example 473-2 

Preparatio n of so lid titanium compound 
Deionized water of 500 ml was weighed out and 
introduced into a 1000 ml glass beaker. The deionized 
5 water in the beaker was cooled in an ice bath, and 
thereto was dropwise added 5 g of titanium 
tetrachloride with stirring. When production of 
hydrogen chloride stopped, the beaker containing the 
reaction solution was taken out of the ice bath, and 

10 25% aqueous ammonia was dropwise added at room 
temperature with stirring, to adjust pH of the 
solution to 5. The resulting precipitate was 
separated by filtration and washed 5 times with 
deionized water. After the washing, solid-liquid 

15 separation was carried out by filtration similarly to 
the above. The washed titanium compound was vacuum 
dried at 70°C under a pressure of 10 Torr for 18 hours 
to remove water content, whereby a solid titanium 
compound was obtained. 

20 Prior to use as a polycondensation catalyst, the 

solid titanium compound was pulverized into particles 
of about 10 u. 

With respect to the solid titanium compound 
obtained above, absorbed water content, weight loss on 
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heating up to 600°C, titanium content, nitrogen 
content and chlorine content were measured in the same 
manner as in Example 473-1. As a result, the water 
content measured by a Karl Fischer's water content 
5 meter was 14.3 5 % by weight, the weight loss on 
heating up to 600°C was 16.82 % by weight, the 
titanium content was 40 % by weight, the nitrogen 
content was 950 ppm, and the chlorine content was 54 
ppm. From these results, the molar ratio between 
10 titanium and hydroxyl group in the solid titanium 
compound was found to be 1:0.31. 



Example 473-3 

Preparation of solid titanium compound 

15 Deionized water of 500 ml was weighed out and 

introduced into a 1000 ml glass beaker. The deionized 
water in the beaker was cooled in an ice bath, and 
thereto was dropwise added 5 g of titanium 
tetrachloride with stirring. When production of 

20 hydrogen chloride stopped, the beaker containing the 
reaction solution was taken out of the ice bath, and 
2 5% aqueous ammonia was dropwise added at room 
temperature with stirring, to adjust pH of the 
solution to 3.5. The resulting precipitate was 
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separated by filtration and washed 5 times with 
deionized water. After the washing, solid-liquid 
separation was carried out by filtration similarly to 
the above. The washed titanium compound was vacuum 
5 dried at 70°C under a pressure of 10 Torr for 18 hours 
to remove water content, whereby a solid titanium 
compound was obtained. 

Prior to use as a polycondensation catalyst, the 
solid titanium compound was pulverized into particles 

10 of about 10 u. 

With respect to the solid titanium compound 
obtained above, absorbed water content, weight loss on 
heating up to 600°C, titanium content, nitrogen 
content and chlorine content were measured in the same 

15 manner as in Example 473-1. As a result, the water 
content measured by a Karl Fischer's water content 
meter was 12.24 % by weight, the weight loss on 
heating up to 600 °C was 14.3 6 % by weight, the 
titanium content was 41 % by weight, the nitrogen 

20 content was 150 ppm, and che chlorine content was 26 
ppm. From these results, the molar racio between 
titanium and hydroxy 1 group in the solid titanium 
compound was found co be 1:0.27. 
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Example 473-4 

Preparation of solid titanium compound 
Deionized water of 500 ml was weighed out and 
introduced into a 1000 ml glass beaker. The deionized 
5 water in the beaker was cooled in an ice bath, and 
thereto was dropwise added 5 g of titanium 
tetrachloride with stirring. When production of 
hydrogen chloride stopped, the beaker containing the 
reaction solution was taken out of the ice bath, and a 

10 5% sodium hydroxide aqueous solution was dropwise 

added at room temperature with stirring, to adjust pH 
of the solution to 5. The resulting precipitate was 
separated by filtration and washed 5 times with 
deionized water. After the washing, solid-liquid 

15 separation was carried out by filtration similarly to 
the above. The washed titanium compound was vacuum 
dried at 70°C under a pressure of 10 Torr for 18 hours 
to remove water content, whereby a solid titanium 
compound was obtained. 

20 Prior to use as a polycondensation catalyst, the 

solid titanium compound was pulverized into particles 
of about 10 ]i. 

With respect to the solid titanium compound 
obtained above, absorbed water concern:, weight loss on 
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heating up to 600°C / metallic titanium content, 
metallic sodium content and chlorine content were 
measured in the same manner as in Example 473-1. As a 
result, the wacer content measured by a Karl Fischer's 
5 water content meter was 12.3 7 % by weight, the weight 
loss on heating up to 600°C was 10.12 % by weight, the 
titanium content was 40 % by weight, and the chlorine 
content was 54 ppm. Sodium was not detected. From 
these results, the molar ratio between titanium and 
10 hydroxyl group in the solid titanium compound was 
found to be 1:0.30. 



Example 473-5 

Production of polyester 

15 To a reactor in which 3 3 500 parts by weight of a 

reaction solution was resident during the steady 
operation, a slurry prepared by mixing high-purity 
terephthalic acid (6458 parts by weight/hr) and 
ethylene glycol (2615 parts by weight/hr) was 

20 continuously fed with stirring under the conditions of 
a temperature of 260°C and a pressure of 0.9 kg/cm 2 -G 
in a nitrogen atmosphere, to perform es terif ication 
reaction. In the esterif ication reaction, a mixture 
of water and ethylene glycol was distilled off. 
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The esterif ication reaction product (low 
condensate) was continuously drawn out of the system 
so that the average residence time was controlled to 
3 . 5 hours . 

5 The number-average molecular weight of the low 

condensate of ethylene glycol and terephthalic acid 
was 600 to 1300 (trimer to pentamer) . 

Using the solid titanium compound prepared in 
Example 473-1 and magnesium acetate as 
10 polycondensation catalysts, liquid phase 

polycondensation reaction of the low condensate was 
conducted. 

The amount of the solid titanium compound added as 
the catalyst was 0.01 % by mol in terms of titanium 

15 atom and the amount of magnesium acetate added as the 
catalyst was 0.02 % by mol in terms of magnesium atom, 
each amount being based on the terephthalic acid unit 
in the low condensate. 

The polycondensation reaction was conducted under 

20 the conditions of a temperature of 280°C and a 

pressure of 1 Torr. As a result, the time (liquid 
phase polycondensation time) required to attain an 
intrinsic viscosity (IV) of 0.65 dl/g of polyethylene 
terephthalace was 58 minutes. 
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Example 473 -g 

Polycondensation reaction was carried out in the 
same manner as in Example 473-5, except that the solid 
5 titanium compound prepared in Example 473-2 was used 
as the polycondensation catalyst. 

The time (liquid phase polycondensation time) 
required to attain an intrinsic viscosity (IV) of 0.65 
dl/g of polyethylene terephthalate was 60 minutes. 

10 

Example 473-7 

Polycondensation reaction was carried out in the 
same manner as in Example 473-5, except that the solid 
titanium compound prepared in Example 473-3 was used 
15 as the polycondensation catalyst. 

The time (liquid phase polycondensation time) 
required to attain an intrinsic viscosity (IV) of 0.65 
dl/g of polyethylene terephthalate was 67 minutes. 

20 Ex amp l e 473-3 

Polycondensation reaction was carried out in the 
same manner as in Example 473-5, except that the solid 
titanium compound prepared in Example 47 3-4 was used 
as the polycondensation catalyst. 
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The time (liquid phase polycondensation time) 
required to attain an intrinsic viscosity (IV) of 0.65 
dl/g of polyethylene terephthalate was 65 minutes. 



5 Comparative Example 473-1 

Polycondensation reaction was carried out in the 
same manner as in Example 473-5, except that antimony 
acetate that was industrially used was used as the 
polycondensation catalyst. The amount of antimony 
10 acetate added was 0.025 % by mol in terms of antimony, 
based on the terephthalic acid unit in the low 
condensate . 

The time (liquid phase polycondensation time) 
required to attain an intrinsic viscosity (IV) of 0.65 
15 dl/g of polyethylene terephthalate was 120 minutes. 

Example 51Q-1 

Preparation of solid titanium compound 
Deionized water of 500 ml was weighed out and 
20 introduced into a 1000 ml glass beaker. The deionized 
water in the beaker was cooled in an ice bath, and 
thereto was dropwise added 5 g of titanium 
tetrachloride with stirring. At this time, the 
temperature of the solution was 0 to 5°C. When 
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production of hydrogen chloride stopped, the beaker 
containing the reaction solution was taken out of the 
ice bath, and 25% aqueous ammonia was dropwise added 
with stirring, to adjust pH of the solution to 8. At 
5 this time, the temperature of the solution was 0 to 
10°C. The precipitate of titanium hydroxide produced 
was filtered under a pressure of 4 kg/cm 2 -G through a 
pressure filter and separated. Thereafter, the 
precipitate of titanium hydroxide was washed 5 times 
10 with deionized water. After the washing, solid-liquid 

f: separation was carried out by pressure filtration 

^; under a pressure of 4 kg/cm 2 ~G similarly to the above. 

* The washed titanium hydroxide was vacuum dried at 70°C 

under a pressure of 10 Torr for 18 hours to remove 

Y* 15 water content, whereby a solid titanium compound was 

Z. obtained. 

Prior to use as a polycondensation catalyst, the 
solid titanium compound was pulverized into particles 
of about 50 ji. 

20 As a result of analysis of the solid titanium 

compound, the titanium contenc was 40 % by weight, the 
nicrogen content was 950 ppm, the chlorine content was 
54 ppm, the weight: loss on heacing up to 600 °C was 
16.8 % by weight, and the absorbed water content was 
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15.25 % by weight. The OH/Ti ratio calculated from 
these results was 0.193. Measurement of crystallinity 
resulted in 0 %, and this solid titanium compound was 
completely amorphous. 
5 In Examples 510-1 and 510-2 and Comparative 

Examples 510-1 and 510-2, X-ray diffraction intensity 
was measured under the following conditions. 
X-ray: Cu K-ALPHAl/50 kV/3 00 mA 
Goniometer: RINT2 00 0 wide angle goniometer 
\t 10 Attachment: standard sample holder 

!;r! Filter: none 

Counter monochrometer : fully automatic 
*2 monochrometer 

* :: Divergence slit: 1/2 deg. 

ijt 15 Scattering slit: 1/2 deg. 

IZ Light receiving slit: 0 . 15 mm 

Counter: scintillation counter 

Scanning mode: continuous 

Scanning speed: 4°/min 
20 Scanning seep: 0.02° 

Scanning axis: 20/9 

Scanning range: 1.5 - 70° 

0 Offset: 0° 

Fixed angle: 0° 
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Production of polyester 
To a reactor in which 3 3 500 parts by weight of a 
reaction solution was resident during the steady 
operation, a slurry prepared by mixing high-purity 
5 terephthalic acid (6458 parts by weight/hr) and 
ethylene glycol (2 615 parts by weight/hr) was 
continuously fed with stirring under the conditions of 
a temperature of 2 60°C and a pressure of 0.9 kg/cm 2 -G 
in a nitrogen atmosphere, to perform esterif ication 
10 reaction. In the esterif ication reaction, a mixture 
of water and ethylene glycol was distilled off. 

The esterif ication reaction product (low 
condensate) was continuously drawn out of the system 
so that the average residence time was controlled to 
15 3.5 hours . 

The number-average molecular weight of the low 
condensate of ethylene glycol and terephthalic acid 
was 60 0 to 13 0 0 (trimer to pentamer) . 

Using the solid titanium compound prepared above 
20 and magnesium acetate as polycondensation catalysts, 
polycondensation reaction of the low condensate was 
conducted. 

The amount of the solid titanium compound added as 
the catalyst was 0.0105 % by mol in terms of titanium 
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atom, based on the terephchalic acid unic in the low 
condensate, and the amount of magnesium acetate added 
as the catalyst was 0.021 % by mol in terms of 
magnesium atom, based on the terephthalic acid unit in 
the low condensate. In the polycondensation, tributyl 
phosphate was further added in an amount of 0.0105 % 
by mol in terms of phosphorus atom. The 
polycondensation reaction was conducted under the 
conditions of a temperature of 285°C and a pressure of 
1 Torr, to obtain polyethylene terephthalate (liquid 
phase polycondensation product) having an intrinsic 
viscosity of 0.65 dl/g. The polycondensation time was 
65 minutes. 

Examnlg 510-2 

Preparation of solid titanium compound 
A solid titanium compound was obtained in the same 
manner as in Example 510-1, except that the drying 
temperature is changed to 100°C from 70°C. 

Prior to use as a polycondensation catalyst, the 
solid titanium compound was pulverized into particles 
of about 5 0 \x. 

As a result of analysis of the solid titanium 
compound, the titanium content was 43 % by weight, the 
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nitrogen content was 510 ppm, the chlorine content was 
76 ppm, the weight loss on heating up to 600°C was 
13.65 % by weight, and the absorbed water content was 
12.11 % by weight. The OH/Ti ratio calculated from 
5 these results was 0.182. Measurement of crystallinity 
resulted in 7 %, and this solid titanium compound was 
slightly crystallized. 

Production of polyester 
Polycondensation reaction was carried out in the 

10 same manner as in Example 510-1, except that the solid 
titanium compound prepared above was used. As a 
result, polyethylene terephthalate (liquid phase 
polycondensation product) having an intrinsic 
viscosity of 0.65 dl/g was obtained. The 

15 polycondensation time was 68 minutes. 

Comparative Exampl e , ,.51 0-1 

Preparation of solid titanium compound 

Deionized water of 5 00 ml was weighed out and 
20 introduced into a 1000 ml glass beaker, and thereto 

was dropwise added 5 g of titanium tetrachloride with 
stirring. At this time, the temperature of the 
solution was about 25°C. After production of hydrogen 
chloride stopped, the temperature of the solution was 
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kept at 8 0°C, and 25% aqueous ammonia was dropwise 
added with stirring, to adjust pH of the solution to 8. 
The precipitate of titanium hydroxide produced was 
filtered under a pressure of 4 kg/cm 2 -G through a 
5 pressure filter and separated. Thereafter, the 

precipitate of titanium hydroxide was washed 5 times 
with deionized water. After the washing, solid-liquid 
separation was carried out by pressure filtration 
under a pressure of 4 kg/cm 2 -G similarly to the above. 
10 The washed titanium hydroxide was vacuum dried at 70°C 
under a pressure of 10 Torr for 18 hours to remove 
water content, whereby a solid titanium compound was 
obtained. 

Prior to use as a polycondensation catalyst, the 
15 solid titanium compound was pulverized into particles 
of about 50 ]x. 

As a result of analysis of the solid titanium 
compound, the titanium content was 50 % by weight, the 
nitrogen content was 53 0 ppm, the chlorine content was 
20 41 ppm, the weight loss on heating up to 60 0°C was 

16.63 % by weight, and the absorbed water content was 
14.68 % by weight. The OH/Ti ratio calculated from 
these results was 0.200. Measurement of crystaliinity 
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resulted in 64 %, and this solid titanium compound was 
considerably crystallized. 

Production of polyester 
Polycondensation reaction was carried out in the 
same manner as in Example 510-1, except that the solid 
titanium compound prepared above was used. However, 
an intrinsic viscosity of 0.65 dl/g could not be 
obtained by the polycondensation for a period up to 
240 minutes. 



Comparative Example 510 -2 

Preparation of solid titanium compound 
Deionized water of 50 0 ml was weighed out and 
introduced into a 1000 ml glass beaker. The 

15 temperature of the deionized water was kept at 6Q°C, 
and 5 g of titanium tetrachloride was dropwise added 
with stirring. After production of hydrogen chloride 
stopped, the temperature of the solution was kept at 
80°C, and 25% aqueous ammonia was dropwise added with 

20 stirring, to adjust pH of the solution to 8. The 
precipitate of titanium hydroxide produced was 
filtered under a pressure of 4 kg/cm 2 -G through a 
pressure filter and separated. Thereafter, the 
precipitate of titanium hydroxide was washed 5 times 
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with deionized water. After the washing, solid-liquid 
separation was carried out by pressure filtration 
under a pressure of 4 kg/cm 2 -G similarly to the above. 
The washed titanium hydroxide was vacuum dried at 
5 100°C under a pressure of 10 Torr for 18 hours to 
remove water content, whereby a solid titanium 
compound was obtained. 

Prior to use as a polycondensation catalyst, the 
solid titanium compound was pulverized into particles 

10 of about 50 \i. 

As a result of analysis of the solid titanium 
compound, the titanium content was 47 % by weight, the 
nitrogen content was 840 ppm, the chlorine content was 
1050 ppm, the weight loss on heating up to 600 °C was 

15 15.95 % by weight, and the absorbed water content was 
13.62 % by weight. The OH/Ti ratio calculated from 
these results was 0.240. Measurement of crys tallinity 
resulted in 71 %, and this solid titanium compound was 
considerably crystallized. 

20 Production of oolvester 

Polycondensation reaction was carried out in the 
same manner as in Example 510-1, except that the solid 
titanium compound prepared above was used. However, 
an intrinsic viscosity of 0.65 dl/g could not: be 
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obtained by the polycondensation for a period up to 
240 minutes. 



Example 498-1 

5 Prepar a tio n q£ ti tanium-containing ,hydrolyzate 

Deionized water of 500 ml was weighed out and 
introduced into a 1000 ml glass beaker. The deionized 
water in the beaker was cooled in an ice bath, and 
thereto was dropwise added 5 g of titanium 

10 tetrachloride with stirring. When production of 

hydrogen chloride stopped, the beaker containing the 
reaction solution was taken out of the ice bath, and 
25% aqueous ammonia was dropwise added with stirring, 
to adjust pH of the solution to 8. The precipitate of 

15 titanium hydroxide produced was filtered under a 
pressure of 3 kg/cm 2 through a pressure filter and 
separated. Thereafter, the precipitate of titanium 
hydroxide was washed 5 times with deionized water. 
After the washing, solid-liquid separation was carried 

20 out by pressure filtration under a pressure of 3 kg/cm 2 
similarly to the above. The washed titanium hydroxide 
was vacuum dried at 70°C under a pressure of 10 Torr 
for 18 hours to remove water content, whereby a 
titanium-containing solid compound was obtained. 
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Prior to use as a polycondensation catalyst/ the 
titanium-containing solid compound was pulverized into 
particles of about 10 \m. 

Preparation of catalyst for polyester production 
5 A mixture of 10 g of the titanium-containing 

hydrolyzate, 65 g of ethylene glycol and 25 g of 
tetraethylammonium hydroxide was heated at 190°C for 3 
hours to obtain a catalyst for polyester production. 
Production of polyester 

10 To a reactor in which 33 500 parts by weight of a 

reaction solution was resident during the steady 
operation, a slurry prepared by mixing high-purity 
terephthalic acid and ethylene glycol was continuously 
fed, and esterif ication reaction was conducted under 

15 the conditions of a temperature of 2 60°C and a 

pressure of 0.9 kg/cm 2 -G in a nitrogen atmosphere with 
stirring. The slurry of high-purity terephthalic acid 
and ethylene glycol was prepared by mixing high-purity 
terephthalic acid and ethylene glycol at rates of 6458 

20 parts by weight/hr and 2615 parts by weight/hr, 
respectively. 

In the esterif ication reaction, a mixture of water 
and ethylene glycol was distilled off. The 
esterif ication reaction product (low condensate) was 
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continuously drawn out of the system so that the 
average residence time was controlled to 3 . 5 hours. 

The number-average molecular weight of the low 
condensate of ethylene glycol and terephthalic acid 
was 600 to 1300 (trimer to pentamer) . 

To the low condensate, the catalyst for polyester 
production was added in an amount of 0.021 % by mol in 
terms of titanium atom, based on 1 mol of the 
terephthalic acid unit in the low condensate, and 
liquid phase polycondensation reaction was conducted 
under the conditions of a temperature of 285°C and a 
pressure of 1 Torr . The time required to attain an 
intrinsic viscosity of 0.65 dl/g of polyethylene 
terephthalate was 57 minutes. 

Example 49R-1C 

Polycondensation reaction was carried out in the 
same manner as in Example 49 8-1, except that the 
titanium-containing hydrolyzate was used in an amount 
of 0.021 % by mol in terms of titanium atom, based on 
1 mol of the terephthalic acid unit in low condensate, 
instead of the catalyst for polyester production. The 
time required to attain an intrinsic viscosity of 0.65 
dl/g of polyethylene terephthalate was 3 hours and 55 
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minutes. The acetaldehyde content in the polyethylene 
terephthalate was 52 ppm. 

Comparative Example 498-2 
5 Preparation of polycondensation catalyst (1, ) 

A mixture of 10 g of the titanium-containing 
hydrolyzate, 65 g of ethylene glycol and 2 5 g of 
acetic acid was heated at 190°C for 3 hours to obtain 
a polycondensation catalyst (1) . 

10 Pr odu cti o n of poly es ter 

Polycondensation reaction was carried out in the 
same manner as in Example 498-1, except that the 
polycondensation catalyst (1) was used in an amount of 
0.021 % by mol in terms of titanium atom, based on 1 

15 mol of the terephthalic acid unit in low condensate, 

instead of the catalyst for polyester production. The 
time required to attain an intrinsic viscosity of 0.65 
dl/g of polyethylene terephthalate was 146 minutes. 
The acetaldehyde content in the polyethylene 

20 terephthalate was 58 ppm. 



C om parati ve Examp l e 4 98- 3 

Preparation of polycondensation catalvst (2) 
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A mixture of 10 g of the titanium-containing 
hydrolyzate and 90 g of ethylene glycol was heated at 
190 °C for 3 hours to obtain a polycondensation 
catalyst (2) . 

Production of polyester 
Polycondensation reaction was carried out in the 
same manner as in Example 49 8-1, except that the 
polycondensation catalyst (2) was used in an amount of 
0.021 % by mol in terms of titanium atom, based on 1 
mol of the terephthalic acid unit in low condensate, 
instead of the catalyst for polyester production. The 
time required to attain an intrinsic viscosity of 0.65 
dl/g of polyethylene terephthalate was 1 hour and 50 
minutes . 

Example 5Q1-1 

Preparation of titanium-containing solid compound 
Deionized water of 50 0 ml was weighed out and 
introduced into a 1000 ml glass beaker. The deionized 
water in the beaker was cooled in an ice bath, and 
thereto was dropwise added 5 g of titanium 
tetrachloride with stirring. When production of 
hydrogen chloride stopped, the beaker containing the 
reaction solution was taken out of the ice bath, and 
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25% aqueous ammonia was dropwise added with stirring, 
to adjust pH of the solution to 8. The precipitate of 
titanium hydroxide produced was filtered under a 
pressure of 3 kg/cm 2 through a pressure filter and 
5 separated. Thereafter, the precipitate of titanium 
hydroxide was washed 5 times with deionized water. 
After the washing, solid-liquid separation was carried 
out by pressure filtration under a pressure of 3 kg/cm 2 
similarly to the above. The washed titanium hydroxide 

10 was vacuum dried at 70°C under a pressure of 10 Torr 
for 18 hours to remove water content, whereby a 
titanium-containing solid compound was obtained. 

Prior to use as a polycondensation catalyst, the 
titanium-containing solid compound was pulverized into 

15 particles of about 10 y.m. 

Production of polyester 
To a reactor in which 33500 parts by weight of a 
reaction solution was resident during the steady 
operation, a slurry prepared by mixing high-purity 

20 terephthalic acid and ethylene glycol was continuously 
fed, and es terif ication reaction was conducted under 
the conditions of a temperature of 260°C and a 
pressure of 0.9 kg/cm 2 -G in a nitrogen atmosphere with 
stirring. The slurry of high-purity terephthalic acid 
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and ethylene glycol was prepared by mixing high-purity 
terephthalic acid and ethylene glycol at rates of 6458 
parts by weight /hr and 2 615 parts by weighc/hr, 
respectively. 

In the esterif ication reaction, a mixture of water 
and ethylene glycol was distilled off. The 
esterification reaction product (low condensate) was 
continuously drawn out of the system so that the 
average residence time was controlled to 3.5 hours. 

The number-average molecular weight of the low 
condensate of ethylene glycol and terephthalic acid 
was 600 to 13 0 0 (trimer to pentamer) . 

To the low condensate, the titanium-containing 
solid compound was added in an amount of 0.021 % by 
mol in terms of titanium atom, based on the 
terephthalic acid unit in the low condensate, 
magnesium hydrogenphosphate was added in an amount of 
0.021 % by mol in terms of magnesium atom, based on 
the terephthalic acid unit in the low condensate, and 
phosphoric acid was added in an amount of 0.0105 % by 
mol in terms of phosphorus atom, and liquid phase 
polycondensation reaction was conducted under the 
conditions of a temperature of 285°C and a pressure of 
1 Torr. The time required to attain an intrinsic 
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viscosity of 0.65 dl/g of polyethylene terephthalate 
was 57 minutes. The acetaldehyde content in the 
resulting polyethylene terephthalate was 60 ppm. 

Example 501-2 

Polycondensation reaction was carried out in the 
same manner as in Example 5 01-1, except that 
trimagnesium diphosphate was used instead of magnesium 
hydrogenphosphate. The time required to attain an 
intrinsic viscosity of 0.65 dl/g of polyethylene 
terephthalate was 67 minutes. The acetaldehyde 
content in the resulting polyethylene terephthalate 
was 57 ppm. 

Example 501 -IP 

Polycondensation reaction was carried out in the 
same manner as in Example 501-1, except that magnesium 
acetate was used instead of magnesium 
hydrogenphosphate. The time required to attain an 
intrinsic viscosity of 0.65 dl/g of polyethylene 
terephthalate was 100 minutes. The acetaldehyde 
content in the resulting polyethylene terephthalate 
was 7 0 ppm. 
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Example 4Q7-1 

Preparation of titanium-containing so l id c^mg&uiid 
Deionized water of 500 ml was weighed out and 
introduced into a 10 0 0 ml glass beaker. The deionized 
water in the beaker was cooled in an ice bath, and 
thereto was dropwise added 5 g of titanium 
tetrachloride with stirring. When production of 
hydrogen chloride stopped, the beaker containing the 
reaction solution was taken out of the ice bath, and 
25% aqueous ammonia was dropwise added with stirring, 
to adjust pH of the solution to 8. The precipitate of 
titanium hydroxide produced was filtered under a 
pressure of 3 kg/cm 2 through a pressure filter and 
separated. Thereafter, the precipitate of titanium 
hydroxide was washed 5 times with deionized water. 
After the washing, solid-liquid separation was carried 
out by pressure filtration under a pressure of 3 kg/cm 2 
similarly to the above. The washed titanium hydroxide 
was vacuum dried at 70°C under a pressure of 10 Torr 
for 18 hours to remove water content, whereby a 
titanium-containing solid compound was obtained. 

Prior to use as a polycondensation catalyst, the 
titanium-containing solid compound was pulverized into 
particles of about: 10 jam. 
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Production of polyester- 
To a reactor in which 3 3 500 parts by weight of a 
reaction solution was residenc during the steady 
operation, a slurry prepared by mixing high-purity 
terephthalic acid and ethylene glycol was continuously 
fed, and esterif ication reaction was conducted under 
the conditions of a temperature of 260°C and a 
pressure of 0.9 kg/cm 2 -G in a nitrogen atmosphere with 
stirring. The slurry of high-purity terephthalic acid 
and ethylene glycol was prepared by mixing high-purity 
terephthalic acid and ethylene glycol at rates of 6458 
parts by weight /hr and 2 615 parts by weight /hr, 
respectively. 

Before the beginning of the esterif ication 
reaction, the titanium-containing solid compound, 
magnesium acetate and tributyl phosphate were added. 
The amount of the titanium-containing solid compound 
added was 0.021 % by mol in terms of titanium atom, 
based on the terephthalic acid (unit) , the amount of 
magnesium acetate added was 0.021 % by mol in terms of 
magnesium atom, based on the terephthalic acid (unit) , 
and the amount of tributyl phosphate added was 
0.0105 % by mol in terms of phosphorus atom, based on 
the terephthalic acid (unit) . 
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In the esterif ication reaction, a mixture of water 
and ethylene glycol was distilled off. The 
esterif ication reaction product (low condensate) was 
continuously drawn out of the system so that the 
average residence time was controlled to 3 . 5 hours. 

The number-average molecular weight of the low 
condensate of ethylene glycol and terephthalic acid 
was 600 to 13 00 (trimer to pentamer) . 

The low condensate thus obtained was subjected to 
liquid phase polycondensation reaction under the 
conditions of a temperature of 285°C and a pressure of 
1 Torr. The time required to attain an intrinsic 
viscosity of 0.65 dl/g of polyethylene terephthalate 
was 56 minutes . 

Example r 

Polyethylene terephthalate was produced in the 
same manner as in Example 497-1, except that the 
titanium-containing solid compound was not added in 
the esterif ication reaction step but added to the 
reactor of the first step in the liquid phase 
polycondensation step. The time required to attain an 
intrinsic viscosity of 0.65 dl/g of polyethylene 
terephthalate was 4 hours . 
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Example 499-1 

Preparation of titanium-containing solid compound 
Deionized water of 500 ml was weighed out and 
5 introduced into a 1000 ml glass beaker. The deionized 
water in the beaker was cooled in an ice bath, and 
thereto was dropwise added 5 g of titanium 
tetrachloride with stirring. When production of 
hydrogen chloride stopped, the beaker containing the 
10 reaction solution was taken out of the ice bath, and 
O 25% aqueous ammonia was dropwise added with stirring, 

=P to adjust pH of the solution to 8. The precipitate of 

H titanium hydroxide produced was filtered under a 

f pressure of 3 kg/cm 2 through a pressure filter and 

[H 15 separated. Thereafter, the precipitate of titanium 

«\ 2 
i: *?? 

\ hydroxide was washed 5 times with deionized water. 

r * After the washing, solid-liquid separation was carried 

out by pressure filtration under a pressure of 3 kg/cm 2 
similarly to the above. The washed titanium hydroxide 
20 was vacuum dried at 7 0°C under a pressure of 10 Torr 
for 18 hours to remove water content, whereby a 
titanium-containing solid compound was obtained. 
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Prior to use as a polycondensation cacalyst, the 
titanium-containing solid compound was pulverized into 
particles of about 10 ym. 

Production of polygeny 
5 To a reactor in which 33500 parts by weight of a 

reaction solution was resident during the steady 
operation, a slurry prepared by mixing high -purity 
terephthalic acid and ethylene glycol was continuously 
fed, and esterif ication reaction was conducted under 
0 the conditions of a temperature of 2 60°C and a 

pressure of 0.9 kg/cm 2 -G in a nitrogen atmosphere with 
stirring. The slurry of high-purity terephthalic acid 
and ethylene glycol was prepared by mixing high-purity 
terephthalic acid and ethylene glycol at rates of 6458 
5 parts by weight/hr and 2 615 parts by weight /hr, 
respectively. 

In the esterif ication reaction, a mixture of water 
and ethylene glycol was distilled off. The 
esterif ication reaction product (low condensate) was 
) continuously drawn out of the system so that the 
average residence time was controlled to 3 . 5 hours. 

The number-average molecular weight of the low 
condensate of ethylene glycol and terephthalic acid 
was 600 to 13 00 (crimer to pentamer) . 
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To the low condensate, the titanium-containing 
solid compound and tributyl phosphate were added, and 
liquid phase polycondensation reaction was conducted 
under the conditions of a temperature of 285°C and a 

5 pressure of 1 Torr. The amount of the titanium- 
containing solid compound added was 0.021 % by mol in 
terms of titanium atom, based on 1 mol of the 
terephthalic acid unit in the low condensate, and the 
amount of tributyl phosphate added was 0.0105 % by mol 

3 in terms of phosphorus atom, based on 1 mol of the 
terephthalic acid unit. The time required to attain 
an intrinsic viscosity of 0.65 dl/g of polyethylene 
terephthalate was 60 minutes . 

5 Examnlg AQQ-^ 

Polycondensation reaction was carried out in the 
same manner as in Example 499-1, except that trioctyl 
phosphate was used instead of tributyl phosphate. The 
time required to attain an intrinsic viscosity of 0.65 
dl/g of polyethylene terephthalate was 60 minutes. 

Example aqQ.^ 

Polycondensation reaction was carried out in the 
same manner as in Example 499-1, except that triphenyl 
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phosphate was used instead of tributyl phosphate. The 
time required to attain an intrinsic viscosity of 0.65 
dl/g of polyethylene terephthalate was 60 minutes. 

Exarnnle 499-4 

Polycondensation reaction was carried out in the 
same manner as in Example 499-1, except that trimethyl 
phosphate was used instead of tributyl phosphate. The 
time required to attain an intrinsic viscosity of 0,65 
dl/g of polyethylene terephthalate was 75 minutes. 

Examnlg 500-1 

Preparation of titanium-conta i n i n g so lid compound 
Deionized water of 5 00 ml was weighed out and 
introduced into a 1000 ml glass beaker. The deionized 
water in the beaker was cooled in an ice bath, and 
thereto was dropwise added 5 g of titanium 
tetrachloride with stirring. When production of 
hydrogen chloride stopped, the beaker containing the 
reaction solution was taken out of the ice bath, and 
25% aqueous ammonia was dropwise added with stirring, 
to adjust pH of the solution to 8. The precipitate of 
titanium hydroxide produced was filtered under a 
pressure of 3 kg/cm 2 through a pressure filter and 
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separated. Thereafter, the precipitate of titanium 
hydroxide was washed 5 times with deionized water. 
After the washing, solid-liquid separation was carried 
out by pressure filtration under a pressure of 3 kg/cm 2 
similarly to the above. The washed titanium hydroxide 
was vacuum dried at 70°C under a pressure of 10 Torr 
for 18 hours to remove water content, whereby a 
titanium-containing solid compound was obtained. 

Prior to use as a polycondensation catalyst, the 
titanium-containing solid compound was pulverized into 
particles of about 10 urn. 

Production of polyester 
To a reactor in which 3 3 500 parts by weight of a 
reaction solution was resident during the steady 
operation, a slurry prepared by mixing high-purity 
terephthalic acid and ethylene glycol was continuously 
fed, and esterif ication reaction was conducted under 
the conditions of a temperature of 260°C and a 
pressure of 0.9 kg/cm 2 -G in a nitrogen atmosphere with 
stirring. The slurry of high-purity terephthalic acid 
and ethylene glycol was prepared by mixing high-purity 
terephthalic acid and ethylene glycol at rates of 6458 
parts by weight /hr and 2615 parts by weight/hr, 
respectively. 
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In the esterif ication reaction, a mixture of water 
and ethylene glycol was distilled off. The 
esterif ication reaction product (low condensate) was 
continuously drawn out of the system so that the 
5 average residence time was controlled to 3 . 5 hours. 

The number -average molecular weight of the low 
condensate of ethylene glycol and terephthalic acid 
was 600 to 1300 (trimer to pentamer) . 

To the low condensate, the titanium-containing 
10 solid compound, magnesium acetate and 
tetrakis (methylene-3 (3 , 5-di-t-butyl-4- 
hydroxyphenyl) propionate) methane were added, and 
liquid phase polycondensation reaction was conducted 
under the conditions of a temperature of 285°C and a 
15 pressure of 1 Torr. The amount of the titanium- 
containing solid compound added was 0.021 % by mol in 
terms of titanium atom, based on the terephthalic acid 
unit in the low condensate, the amount of magnesium 
acetate added was 0.021 % by mol in terms of magnesium 
20 atom, based on the terephthalic acid unit in the low 
condensate, and the amount of tetrakis (methylene- 
3(3, 5-di-t-butyl-4-hydroxyphenyl ) propionate) methane 
added was 600 ppm based on the low condensate. 
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The time required to attain an intrinsic viscosity 
of 0.65 dl/g of polyethylene terephthalate was 50 
minutes. The acetaldehyde content in the resulting 
polyethylene terephthalate was 60 ppm. 

Examnlg 500-? 

Polycondensation reaction was carried out in the 
same manner as in Example 500-1, except that bis (2, 6- 
di-t-butyl-4-phenylmethyl)pentaerythritol diphosphite 
was used in an amount of 3 00 ppm based on the low 
condensate instead of tetrakis (methylene- 3 (3 , 5-di-t- 
butyl-4-hydroxyphenyl) propionate) methane. 

The time required to attain an intrinsic viscosity 
of 0.65 dl/g of polyethylene terephthalate was 48 
minutes. The acetaldehyde content in the resulting 
polyethylene terephthalate was 52 ppm. 

Example 500-3 

Polycondensation reaction was carried out in the 
same manner as in Example 500-1, except that 3,5-di-t- 
butyl-4-hydroxybenzylphosphoric acid distearyl ester 
was used in an amount of 40 0 ppm based on the low- 
condensate instead of tetrakis (methylene-3 ( 3 , 5-di-t- 
butyl -4 -hydroxyphenyi) propionate) methane . 
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The time required to attain an intrinsic viscosity 
of 0.65 dl/g of polyethylene terephthalate was 46 
minutes. The acetaldehyde content in the resulting 
polyethylene terephthalate was 58 ppm. 

Example 500-4 

Polycondensation reaction was carried out in the 
same manner as in Example 500-1, except that a mixture 
of tetrakis (methylene-3 (3 , 5-di-t-butyl-4- 
hydroxyphenyi ) propionate ) methane , 5,7 -di - 1 -butyl -3 - 
(3 , 4-dimethylphenyl) -3H~benzofuran-2-one and tris(2,4- 
di-t-butylphenyl) phosphite (mixing ratio = 
42.5:15:42.5) was used in an amount of 500 ppm based 
on the low condensate instead of tetrakis (methylene- 
3(3, 5-di-t-butyl-4-hydroxyphenyl ) propionate) methane . 

The time required to attain an intrinsic viscosity 
of 0.65 dl/g of polyethylene terephthalate was 49 
minutes. The acetaldehyde content in che resulting 
polyethylene terephthalate was 55 ppm. 

Example 500-5 

Polycondensation reaction was carried out in the 
same manner as in Example 5 00-1, except that tributyl 
phosphate was used in an amount of 0.0105 % by mol in 
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terms of phosphorus atom, based on the terephthalic 
acid in the low condensate, in addition to 
tetrakis (methylene-3 (3 , 5-di-t-butyl-4- 
hydroxyphenyl ) propionate) methane . 
5 The time required to attain an intrinsic viscosity 

of 0.65 dl/g of polyethylene terephthalate was 50 
minutes . The acetaldehyde content in the resulting 
polyethylene terephthalate was 50 ppm. 

Example 500-1 C 

Polycondensation reaction was carried out in the 
same manner as in Example 500-1, except that 
phosphoric acid was used in an amount of 0.0105 % by 
mol in terms of phosphorus atom, based on the 
terephthalic acid unit in the low condensate, instead 
of tetrakis (methylene-3 (3 , 5-di-t-butyl-4- 
hydroxyphenyl ) propionate) methane . 

The time required to attain an intrinsic viscosity 
of 0.65 dl/g of polyethylene terephthalate was 70 
minutes. The acetaldehyde content in the resulting 
polyethylene terephthalate was 7 0 ppm. 

Examnle 5Q2-1 

Preparation of titanium-containing solid comnonnd 
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Deionized water of 5 00 ml was weighed out and 
introduced into a 1000 ml glass beaker. The deionized 
water in the beaker was cooled in an ice bath, and 
thereto was dropwise added 5 g of titanium 
tetrachloride with stirring. When production of 
hydrogen chloride stopped, the beaker containing the 
reaction solution was taken out of the ice bath, and 
2 5% aqueous ammonia was dropwise added with stirring, 
to adjust pH of the solution to 8. The precipitate of 
titanium hydroxide produced was filtered under a 
pressure of 3 kg/cm 2 through a pressure filter and 
separated. Thereafter, the precipitate of titanium 
hydroxide was washed 5 times with deionized water. 
After the washing, solid-liquid separation was carried 
out by pressure filtration under a pressure of 3 kg/cm 2 
similarly to the above. The washed titanium hydroxide 
was vacuum dried at 70 °C under a pressure of 10 Torr 
for 18 hours to remove water content, whereby a 
titanium-containing solid compound was obtained. 

Prior to use as a polycondensation catalyst, the 
titanium-containing solid compound was pulverized into 
particles of about 10 \im. 
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To a reactor in which 33500 parts by weight of a 
reaction solution was resident during the steady 
operation, a slurry prepared by mixing high-purity 
terephthalic acid and ethylene glycol was continuously 
fed, and esterif ication reaction was conducted under 
the conditions of a temperature of 260°C and a 
pressure of 0.9 kg/cm 2 -G in a nitrogen atmosphere with 
stirring. The slurry of high-purity terephthalic acid 
and ethylene glycol was prepared by mixing high-purity 
terephthalic acid and ethylene glycol at rates of 6458 
parts by weight /hr and 2 615 parts by weight /hr, 
respectively. 

Before the beginning of the esterif ication 
reaction, the titanium-containing solid compound, 
magnesium acetate, tributyl phosphate and a tint 
adjusting agent were added to the reactor. The amount 
of the titanium-containing solid compound added was 12 
ppm in terms of titanium atom, based on the 
polyethylene terephthalate , the amount of magnesium 
acetate added was 2 5 ppm in terms of magnesium atom, 
based on the polyethylene terephthalate, the amount of 
tributyl phosphate added was 15 ppm in terms of 
phosphorus atom, based on the polyethylene 
terephthalate, and the amount of the tint adjusting 
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agent (Solvent Blue 104) added was 5.0 ppm based on 
the polyethylene terephthalane . 

In the esterif ication reaction, a mixture of water 
and ethylene glycol was distilled off. The 
esterif ication reaction product (low condensate) was 
continuously drawn out of the system so that the 
average residence time was controlled to 3.5 hours. 

The number-average molecular weight of the low 
condensate of ethylene glycol and terephthalic acid 
was 600 to 1300 (trimer to pentamer) . 

The low condensate thus obtained was subjected to 
liquid phase polycondensation reaction under the 
conditions of a temperature of 285°C and a pressure of 
1 Torr. 

The tint of the polyester chips obtained above was 
measured by a 45° diffusion type color difference 
meter (Nippon Denshoku SQ 3 0 OH Model) . The result is 
set forth in Table 502-1. 

Examples 502-2 to 502-5. Example 502-ir 

A polyester was produced in the same manner as in 
Example 502-1, excepc that the type and the amount of 
the tint adjusting agent were changed as shown in 
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Table 502-1. The tint of the polyester chips was 
measured. The result is set forth in Table 502-1. 

Examples to 502-11. Example 50?- ? C to 

A polyester was produced in the same manner as in 
Example 502-1, except that the amounts of the 
titanium-containing solid compound, magnesium acetate 
and the phosphorus compound were changed as shown in 
Table 502-1 and the type and the amount of the tint 
adjusting agent were changed as shown in Table 502-1. 
The tint of the polyester chips was measured. The 
result is set forth in Table 502-1. 
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Example 464-1 

In a stainless steel container, 2.5 kg of 
particulate polyethylene terephthalate having an 
intrinsic viscosity of 0.85 dl/g, a density of 1.40 
g/cm 3 and an acetaldehyde content of 1.5 ppm was 
immersed in 4 kg of a trimethyl phosphate aqueous 
solution of 0.0695 % by weight (161 ppm in terms of 
phosphorus atom) , and they were kept at room 
temperature for 4 hours. Thereafter, the particulate 
polyethylene terephthalate was separated from the 
trimethyl phosphate aqueous solution, hydro-extracted 
and then dried at 160 °C for 5 hours in a stream of 
nitrogen. Using the resulting polyethylene 
terephthalate, a stepped square plate molded product 
was produced by the aforesaid method. The stepped 
square plate molded product had an acetaldehyde 
content of 7.7 ppm and an intrinsic viscosity of 0.821 
dl/g. 

Example 464-2 

In a stainless steel concainer, 2.5 kg of the same 
particulate polyethylene terephthalate as used in 
Example 464-1 was immersed in 4 kg of a trimethyl 
phosphate aqueous solution of 0.0635 % by weight (161 
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ppm in terms of phosphorus atom) . Then, the stainless 
steel container containing the polyethylene 
terephthalate and the t rime thy 1 phosphate aqueous 
solution was externally heated to control the internal 
temperature to 95°C and kept for 4 hours to perform 
heat treatment. Thereafter, the particulate 
polyethylene terephthalate was separated from the 
trimethyl phosphate aqueous solution, hydro -extracted 
and then dried at 160°C for 5 hours in a stream of 
nitrogen. Using the resulting polyethylene 
terephthalate, a stepped square plate molded product 
was produced by the aforesaid method. The stepped 
square plate molded product had an acetaldehyde 
content of 8.5 ppm and an intrinsic viscosity of 0.802 
dl/g. 

Example 464-1 C 

The same particulate polyethylene terephthalate as 
used in Example 464-1 was molded into a stepped square 
plate molded product by the aforesaid method, without 
performing a contact treatment with a phosphorus- 
containing aqueous solution. The stepped square plate 
molded product had an acetaldehyde content of 11 ppm 
and an intrinsic viscosity of 0.833 dl/g. 
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Example 46 4- 2C 

Treatment of particulate polyethylene 
terephthalate was carried out in the same manner as in 
Example 464-1, except that a phosphoric acid aqueous 
solution having the same concentration (0.0508 % by 
weight, 161 ppm in terms of phosphorus atom) was used 
instead of the trimethyl phosphate aqueous solution. 
Using the resulting polyethylene terephthalate, a 
stepped square plate molded product was produced by 
the aforesaid method. The stepped square plate molded 
product had an acetaldehyde content of 8.3 ppm and an 
intrinsic viscosity of 0.814 dl/g. 

Comparative Example 454-1 

Treatment of particulate polyethylene 
terephthalate was carried out in the same manner as in 
Example 464-2, except that a phosphoric acid aqueous 
solution was used instead of the trimethyl phosphate 
aqueous solution. Using the resulting polyethylene 
terephthalate, a stepped square plate molded produce 
was produced by the aforesaid method. The stepped 
square plate molded product had an acetaldehyde 
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content of 10.0 ppm and an intrinsic viscosity of 
0.788 dl/g. 

Example 465-1 

Preparation of titanium-containing solid compound 
Deionized water of 500 ml was weighed out and 
introduced into a 1000 ml glass beaker. The deionized 
water in the beaker was cooled in an ice bath, and 
thereto was dropwise added 5 g of titanium 
tetrachloride with stirring. When production of 
hydrogen chloride stopped, the beaker containing the 
reaction solution was taken out of the ice bath, and 
25% aqueous ammonia was dropwise added with stirring, 
to adjust pH of the solution to 8. The precipitate of 
titanium hydroxide produced was filtered under a 
pressure of 3 kg/cm 2 through a pressure filter and 
separated. Thereafter, the precipitate of titanium 
hydroxide was washed 5 times with deionized water. 
After the washing, solid-liquid separation was carried 
out by pressure filcration under a pressure of 3 kg/cm 2 
similarly to the above. The washed titanium hydroxide 
was vacuum dried at 7 0°C under a pressure of 10 Torr 
for 18 hours to remove water content, whereby a 
titanium-containing solid compound was obtained. 
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Prior to use, the titanium-containing solid 
compound was pulverized into particles of about 10 jim. 
Production of polyethylene terephthalat-.g 

To a reactor in which 33500 parts by weight of a 
reaction solution was resident during the steady 
operation, a slurry prepared by mixing high-purity 
terephthalic acid and ethylene glycol was continuously 
fed, and esterif ication reaction was conducted under 
the conditions of a temperature of 260°C and a 
pressure of 0.9 kg/cm 2 -G in a nitrogen atmosphere with 
stirring. The slurry of high-purity terephthalic acid 
and ethylene glycol was prepared by mixing high-purity 
terephthalic acid and ethylene glycol at rates of 6458 
parts by weight /hr and 2 615 parts by weight /hr, 
respectively. 

In the esterif ication reaction, a mixture of water 
and ethylene glycol was distilled off. The 
esterif ication reaction product (low condensate) was 
continuously drawn out of the system sc that the 
average residence time was controlled to 3.5 hours. 

The number-average molecular weight of the low 
condensate of ethylene glycol and terephthalic acid 
was 600 to 1300 (trimer to pentamer) . 
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To the low condensate, the titanium-containing 
solid compound, magnesium acetate and tributyl 
phosphate were added, and liquid phase 
polycondensation reaction was conducted under the 
conditions of a temperature of 285°C and a pressure of 
1 Torr to obtain polyethylene terephthalate having an 
intrinsic viscosity of 0.65 dl/g. The amount of the 
titanium-containing solid compound added was 0.021 % 
by mol in terms of titanium atom, based on the 
terephthalic acid unit in the low condensate, the 
amount of magnesium acetate added was 0.021 % by mol 
in terms of magnesium atom, based on the terephthalic 
acid unit in the low condensate, and the amount of 
tributyl phosphate added was 0.0105 % by mol in terms 
of phosphorus atom, based on the terephthalic acid 
unit in the low condensate. 

The polyethylene terephthalate in which the liquid 
phase polycondensation had been completed was 
subjected to solid phase polycondensation, to obtain 
particulate polyethylene terephthalate having an 
intrinsic viscosity of 0.81 dl/g, a density of 1.40 
g/cm 3 and an acetaldehyde content of 1.0 ppm. 
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Into a 100 ml flask, 10 g of the particulate 
polyethylene terephthalate and 40 g of isopropanol 
were introduced, and they were heated for 4 hours 
under reflux. The mixture was dried at 7 0°C for 16 
hours, melted by heating at 270°C for 6 minutes and 
then cooled to room temperature to give a sample. 
Measurement of acetaldehyde content in the sample 
resulted in 5.2 ppm. 

Example 465-2 

Contact of particulate polyethylene terephthalate 
with an organic solvent was carried out in the same 
manner as in Example 465-1, except that methanol was 
used instead of isopropanol. Then, the acetaldehyde 
content was measured in the same manner as in Example 
465-1. As a result, the acetaldehyde content was 6.4 
ppm. 

Example 465-3 

Contact of particulate polyethylene terephthalate 
with an organic solvent was carried out in the same 
manner as in Example 465-1, except that acetone was 
used instead of isopropanol. Then, the acetaldehyde 
content was measured in the same manner as in Example 
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465-1. As a result, the acetaldehyde content was 6.7 
ppm. 

Example 465-4 

5 Contact of particulate polyethylene terephthalate 

with an organic solvent was carried out in the same 
manner as in Example 465-1, except that hexane was 
used instead of isopropanol. Then, the acetaldehyde 
content was measured in the same manner as in Example 
10 465-1. As a result, the acetaldehyde content was 6.8 
ppm. 

Example 465-lf! 

The same particulate polyethylene terephthalate as 

15 used in Example 465-1 was dried at 70°C for 16 hours, 
melted by heating at 270 °C for 6 minutes and cooled to 
room temperature, without performing a contact 
treatment with an organic solvent, to give a sample. 
Measurement of acetaldehyde content in the sample 

20 resulted in 7.3 ppm. 

Example 466-1 

Preparation of ticanium- containina solid compound 
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Deionized water of 50 0 ml was weighed out and 
introduced into a 1000 ml glass beaker. The deionized 
water in the beaker was cooled in an ice bath, and 
thereto was dropwise added 5 g of titanium 
tetrachloride with stirring. When production of 
hydrogen chloride stopped, the beaker containing the 
reaction solution was taken out of the ice bath, and 
25% aqueous ammonia was dropwise added with stirring, 
to adjust pH of the solution to 8. The precipitate of 
titanium hydroxide produced was filtered under a 
pressure of 3 kg/cm 2 through a pressure filter and 
separated. Thereafter, the precipitate of titanium 
hydroxide was washed 5 times with deionized water. 
Aft er the washing, solid-liquid separation was carried 
out by pressure filtration under a pressure of 3 kg/cm 2 
similarly to the above. The washed titanium hydroxide 
was vacuum dried at 70°C under a pressure of 10 Torr 
for 18 hours to remove water content, whereby a 
titanium-containing solid compound was obtained . 

Prior to use, the titanium-containing solid 
compound was pulverized into particles of about 10 urn. 
Production of polyethylene berephthalate 
To a reactor in which 33500 parts by weight of a 
reaction solution was resident: during the steady 
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operation, a slurry prepared by mixing high-purity 
terephthalic acid and ethylene glycol was continuously 
fed, and esterif ication reaction was conducted under 
the conditions of a temperature of 2 60°C and a 
pressure of 0.9 kg/cm 2 -G in a nitrogen atmosphere with 
stirring. The slurry of high-purity terephthalic acid 
and ethylene glycol was prepared by mixing high-purity 
terephthalic acid and ethylene glycol at rates of 6458 
parts by weight/hr and 2615 parts by weight/hr, 
respectively. 

In the esterif ication reaction, a mixture of water 
and ethylene glycol was distilled off. The 
esterif ication reaction product (low condensate) was 
continuously drawn out of the system so that the 
average residence time was controlled to 3.5 hours. 

The number-average molecular weight of the low 
condensate of ethylene glycol and terephthalic acid 
was 600 to 13 00 (trimer to pentamer) . 

To the low condensate, the titanium-containing 
solid compound, magnesium acetate and tributyl 
phosphate were added, and liquid phase 
poiycondensation reaction was conducted under the 
conditions of a temperature of 285°C and a pressure of 
1 Torr to obtain polyethylene terephthalate having an 
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intrinsic viscosity of 0.65 dl/g. The amount of the 
titanium-containing solid compound added was 0.021 % 
by mol in terms of titanium atom, based on the 
terephthalic acid unit in the low condensate, the 
5 amount of magnesium acetate added was 0.021 % by mol 
in terms of magnesium atom, based on the terephthalic 
acid unit in the low condensate, and the amount of 
tributyl phosphate added was 0.0105 % by mol in terms 
of phosphorus atom, based on the terephthalic acid 
10 unit in the low condensate. 

The polyethylene terephthalate in which the liquid 
phase polycondensation had been completed was 
subjected to solid phase polycondensation, to obtain 
particulate polyethylene terephthalate having an 
15 intrinsic viscosity of 0.81 dl/g, a density of 1.40 
g/cm 3 and an acetaldehyde content of 1.0 ppm. 

Treatment of polyethylene terephthalate 
Into a 200 ml flask, 30 g of the particulate 
polyethylene terephthalate, 60 g of isopropanol and 
20 10.3 g of tributyl phosphate (2 % by weight in terms 
of phosphorus atom based on isopropanol) were 
introduced, and they were heated for 4 hours under 
reflux. Thereafter, the mixture was washed three 
times wich 60 g of isopropanol, dried at 70 °C for 16 
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hours, melted by heating at 285°C for 10 minutes and 
then cooled to room temperature to give a sample. 
Measurement of an acetaldehyde content in the sample 
resulted in 3 0 ppm. 

Example 466-2 

Contact of particulate polyethylene terephthalate 
with a phosphorus-containing organic solvent solution 
was carried out in the same manner as in Example 466-1, 
except that methanol was used instead of isopropanol 
and 5.4 g (2 % by weight in terms of phosphorus atom 
based on methanol) of trimethyl phosphate was used 
instead of 10.3 g of tributyl phosphate. Then, the 
acetaldehyde content was measured in the same manner 
as in Example 466-1. As a result, the acetaldehyde 
content was 28 ppm. 

Example 466-3 

Contact of particulate polyethylene terephthalate 
with a phosphorus -containing organic solvent solution 
was carried out in the same manner as in Example 466-1, 
except that acetone was used instead of isopropanol. 
Then, the acetaldehyde content was measured in the 
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same manner as in Example 466-1. As a result, the 
acetaldehyde content was 4 0 ppm. 

Example 456-4 

5 Contact of particulate polyethylene terephthalate 

with a phosphorus -containing organic solvent solution 
was carried out in the same manner as in Example 466-1, 
except that hexane was used instead of isopropanol. 
Then, the acetaldehyde content was measured in the 
10 same manner as in Example 466-1. As a result, the 
acetaldehyde content was 3 5 ppm. 

Example 465-5 

Contact of particulate polyethylene terephthalate 

15 with a phosphorus -containing organic solvent solution 
was carried out in the same manner as in Example 466-1, 
except that 3.8 g (2 % by weight in terms of 
phosphorus atom based on isopropanol) of phosphoric 
acid was used instead of 10.3 g of tributyl phosphate. 

20 Then, the acetaldehyde content was measured in the 
same manner as in Example 466-1. As a result, the 
acetaldehyde content was 3 6 ppm. 



Ex a mple 465-1 C 
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The same particulate polyethylene terephthalate as 
used in Example 466-1 was dried at 70°C for 16 hours, 
melted by heating at 285°C for 10 minutes and cooled 
to room temperature, without performing a concact 
5 treatment with a phosphorus -containing organic solvent 
solution, to give a sample. Measurement of an 
acetaldehyde content in the sample resulted in 5 0 ppm. 



Comparative Example 46$-2 

10 Contact of particulate polyethylene terephthalate 

with a phosphoric acid aqueous solution was carried 
out in the same manner as in Example 466-1, except 
that water was used instead of isopropanol and 3.8 g 
(2 % by weight in terms of phosphorus atom based on 

15 water) of phosphoric acid was used instead of 10.3 g 

of tributyl phosphate. Then, the acetaldehyde content 
was measured in the same manner as in Example 4 6 6-1. 
As a result, the acetaldehyde content was 45 ppm. 



20 Examp le 462 - 1 

Production of polvester 
To a reactor in which 3 3 500 parts by weight of a 
reaction solution was resident during the steady 
operation, a slurry prepared by mixing high-purity 
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terephthalic acid (6458 parts by weight /hr) and 
ethylene glycol (2615 parts by weight/hr) was 
continuously fed, and esterif ication reaction was 
conducted under the conditions of a temperature of 
260°C and a pressure of 0,9 kg/cm 2 -G in a nitrogen 
atmosphere with stirring. In the esterif ication 
reaction, the solid titanium compound prepared in 
Example 495-1 was fed at a rate of 0.187 part by 
weight/hr in terms of titanium atom, and magnesium 
acetate was fed at a rate of 0.187 part by weight/hr 
in terms of magnesium atom. In the esterif ication 
reaction, a mixture of water and ethylene glycol was 
distilled off. 

The esterif ication reaction product (low 
condensate) was continuously drawn out of the system 
so that the average residence time was controlled to 
3 . 5 hours . 

The number-average molecular weight of the low 
condensate of ethylene glycol and terephthalic acid 
was 600 to 13 0 0 (trimer to pentamer) . 

Then, liquid phase polycondensation reaction of 
the low condensate was conducted under the conditions 
of a temperature of 280°C and a pressure of 1 Torr, 
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with feeding tributyl phosphate at a rate of 0.831 
part by weight/hr. 

The residence time (liquid phase polymerization 
time) required to attain an intrinsic viscosity (IV) 
of 0.65 dl/g of polyethylene terephthalate was 95 
minutes . 

The polyethylene terephthalate obtained by the 
liquid phase polymerization was crystallized at about 
17 0°C for 2 hours in a nitrogen atmosphere and then 
filled in a tower type solid phase polymerization 
reactor to perform solid phase polymerization at 
210 °C for 14 hours in a nitrogen atmosphere. 

In the resulting polyethylene terephthalate, the 
titanium atom content was 2 5 ppm, the magnesium atom 
content was 25 ppm, the titanium atom/magnesium atom 
molar ratio was 0.5, the intrinsic viscosity was 0.85 
dl/g, the density was 1.40 g/cm 3 , and the acet aldehyde 
content was 1.0 ppm. 

In a stainless steel container, 2.5 kg of the 
polyethylene terephthalate was immersed in 4 kg of a 
trimethyl phosphate aqueous solution of 0.0695 % by 
weight, and they were kept at room temperature for 4 
hours. Thereafter, the particulate polyethylene 
terephthalate was separated from the trimethyl 
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phosphate aqueous solution, hydro -extracted and then 
dried at 160°C for 5 hours in a stream of nitrogen. 
The acetaldehyde content in the resulting polyethylene 
terephthalate was 1.0 ppm. Using the polyethylene 
terephthalate, a stepped square plate molded product 
was produced by the aforesaid method. The 
acetaldehyde content in the stepped square plate 
molded product was 9.0 ppm, and a difference in the 
acetaldehyde content between before and after the 
molding was 8.0 ppm. The intrinsic viscosity of the 
stepped square plate molded product was 0.821 dl/g. 

Example 462-2 

In a stainless steel container, 2.5 kg of the same 
particulate polyethylene terephthalate as used in 
Example 462-1 was immersed in 4 kg of a trimethyl 
phosphate aqueous solution of 0.0695 % by weight. 
Then, the stainless steel container containing the 
polyethylene terephthalate and the trimethyl phosphate 
aqueous solution was externally heated to control the 
internal temperature to 95°C and kept for 4 hours to 
perform heat treatment:. Thereafter, the particulate 
polyethylene terephthalate was separated from the 
trimethyl phosphate aqueous solution, hydro-extracted 
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and then dried at 160 °C for 5 hours in a stream of 
nitrogen. Using the resulting polyethylene 
terephthalate, a stepped square plate molded product 
was produced by the aforesaid method. The 
5 acetaldehyde content in the stepped square plate 

molded product was 9.5 ppm, and a difference in the 
acetaldehyde content between before and after the 
molding was 8.5 ppm. The intrinsic viscosity of the 
stepped square plate molded product was 0.802 dl/g. 

10 

Example 462-1C 

The same particulate polyethylene terephthalate as 
used in Example 462-1 was molded into a stepped square 
plate molded product by the aforesaid method, without 

15 performing a contact treatment with a phosphorus- 
containing aqueous solution. The acetaldehyde content 
in the stepped square plate molded product was 2 0 ppm, 
and a difference in the acetaldehyde content between 
before and after the molding was 19 ppm. The 

20 intrinsic viscosity of the stepped square plate molded 
product was 0.833 dl/g. 



Comparative Example 462-2 
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Treatment of particulate polyethylene 
terephthalate was carried out in the same manner as in 
Example 462-1, except that a phosphoric acid aqueous 
solution having the same concentration was used 
instead of the trimethyl phosphate aqueous solution. 
Using the resulting polyethylene terephthalate, a 
stepped square plate molded product was produced by 
the aforesaid method. The acetaldehyde content in the 
stepped square plate molded product was 13 ppm, and a 
difference in the acetaldehyde content between before 
and after the molding was 12 ppm. The intrinsic 
viscosity of the stepped square plate molded product 
was 0.814 dl/g. 

Example 462-1 

To a reactor in which 33500 parts by weight of a 
reaction solution was resident during the steady 
operation, a slurry prepared by mixing high-purity 
terephthalic acid (6329 parts by weight/hr) , 
isophthalic acid (129 parts by weight) and ethylene 
glycol (2615 parts by weight/hr) was continuously fed, 
and esterif ication reaction was conducted under the 
conditions of a temperacure of 260°C and a pressure of 
0.9 kg/cm 2 -G in a nitrogen atmosphere with stirring. 
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In the esterif ication reaction, a solid titanium 
compound prepared in the same manner as in Example 
462-1 was fed at a rate of 0.112 part by weight/hr in 
terms of titanium atom, and magnesium acetate was fed 
at a rate of 0.187 part by weight/hr in terms of 
magnesium atom. In the esterif ication reaction, a 
mixture of water and ethylene glycol was distilled off. 

The esterif ication reaction product (low 
condensate) was continuously drawn out of the system 
so that the average residence time was controlled to 
3 . 5 hours . 

The number -average molecular weight of the low 
condensate of ethylene glycol and terephthalic acid 
was 600 to 13 00 (trimer to pentamer) . 

Then, liquid phase polycondensation reaction of 
the low condensate was conducted under the conditions 
of a temperature of 280°C and a pressure of 1 Torr, 
with feeding tributyl phosphate at a rate of 0.831 
part by weight/hr. 

The residence time (liquid phase polymerization 
time) required to attain an intrinsic viscosity (IV) 
of 0.65 dl/g of polyethylene terephthalate was 115 
minutes . 
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The polyethylene terephthalate obtained by the 
liquid phase polymerization was crystallized at about 
170°C for 2 hours in a nitrogen atmosphere and then 
filled in a tower type solid phase polymerization 
reactor to perform solid phase polymerization at 
210 °C for 17 hours in a nitrogen atmosphere. 

In the resulting polyethylene terephthalate, the 
titanium atom content was 15 ppm, the magnesium atom 
content was 25 ppm, the titanium atom/magnesium atom 
molar ratio was 0.3, the intrinsic viscosity was 0.83 
dl/g, the density was 1.40 g/cm 3 , and the acetaldehyde 
content was 0.9 ppm. 

In a stainless steel container, 2.5 kg of the 
polyethylene terephthalate was immersed in 4 kg of a 
trimethyl phosphate aqueous solution of 0.0695 % by 
weight, and they were kept at room temperature for 4 
hours. Thereafter, the particulate polyethylene 
terephthalate was separated from the trimethyl 
phosphate aqueous solution, hydro -extracted and then 
dried at 160°C for 5 hours in a stream of nitrogen. 
The acetaldehyde content in the resulting polyethylene 
terephthalate was 0.8 ppm. Using the polyethylene 
terephthalate, a stepped square plate molded product 
was produced by the aforesaid method. The 
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acetaldehyde content in the stepped square plate 
molded product was 8.2 ppm, and a difference in the 
acetaldehyde content between before and after the 
molding was 7.4 ppm. The intrinsic viscosity of the 
stepped square plate molded product was 0.819 dl/g. 

Example 462-4 

In a stainless steel container, the polyethylene 
terephthalate obtained after the solid phase 
polymerization in Example 4 62-3 was immersed in 
isopropanol at 95°C and kept for 4 hours under heating. 

Then, the polyethylene terephthalate was separated 
from isopropanol and dried at 160°C for 5 hours in a 
stream of nitrogen. The acetaldehyde content in the 
resulting polyethylene terephthalate was 0.9 ppm. 
Using the polyethylene terephthalate, a stepped square 
plate molded product was produced by the aforesaid 
method. The acetaldehyde content in the stepped 
square plate molded product: was 9.5 ppm, and a 
difference in the acetaldehyde content between before 
and after the molding was 8.5 ppm. The intrinsic 
viscosity of the stepped square plate molded product 
was 0 . 810 dl/g. 
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Example 4$2-5 

In a stainless steel container, the polyethylene 
terephthalate obtained after the solid phase 
polymerization in Example 462-3 was immersed in an 
isopropanol solution of tributyl phosphate (tributyl 
phosphate: 0.0695 % by weight) and kept for 2 hours 
under heating. 

Then, the polyethylene terephthalate was separated 
from the isopropanol solution and dried at 160°C for 5 
hours in a stream of nitrogen. The acetaldehyde 
content in the resulting polyethylene terephthalate 
was 0.7 ppm. Using the polyethylene terephthalate, a 
stepped square plate molded product was produced by 
the aforesaid method. The acetaldehyde content in the 
stepped square plate molded product was 8.2 ppm, and a 
difference in the acetaldehyde content between before 
and after the molding was 7.5 ppm. The intrinsic 
viscosity of the stepped square plate molded product 
was 0.808 dl/g. 

Example 463-1 

Production of Polyester 
To a reaccor in which 33500 parts by weight of a 
reaction solution was resident during the steady 
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operation, a slurry prepared by mixing high -purity 
terephthalic acid (6458 parts by weight /hr) and 
ethylene glycol (2909 parts by weight /hr) was 
continuously fed, and esterif ication reaction was 
conducted under the conditions of a temperature of 
2 60°C and a pressure of 0.9 kg/cm 2 -G in a nitrogen 
atmosphere with stirring. In the esterif ication 
reaction, the solid titanium compound prepared in 
Example 495-1 was fed at a rate of 0.187 part by 
weight/hr in terms of titanium atom, and magnesium 
acetate was fed at a rate of 0.187 part by weight/hr 
in terms of magnesium atom. In the esterif ication 
reaction, a mixture of water and ethylene glycol was 
distilled off. 

The esterif ication reaction product (low 
condensate) was continuously drawn out of the system 
so that the average residence time was controlled to 
3 . 5 hours . 

The number-average molecular weight of the low 
condensate of ethylene glycol and terephthalic acid 
was 600 to 1300 (trimer to pentamer) . 

Then, liquid phase polycondensanion reaction of 
the low condensate was conducted under the conditions 
of a temperature of 280°C and a pressure of 1 Torr, 
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with feeding tributyl phosphate at a rate of 0.831 
part by weight/hr. 

The residence time (liquid phase polymerization 
time) required to attain an intrinsic viscosity (IV) 
of 0.55 dl/g of polyethylene terephthalate was 87 
minutes . 

The polyethylene terephthalate obtained by the 
liquid phase polymerization was crystallized at about 
170 °C for 2 hours in a nitrogen atmosphere and then 
filled in a tower type solid phase polymerization 
reactor to perform solid phase polymerization at 
210 °C for 25 hours in a nitrogen atmosphere. 

In the resulting polyethylene terephthalate, the 
titanium atom content was 24 ppm, the magnesium atom 
content was 24 ppm, the titanium atom/magnesium atom 
molar ratio was 0.5, the intrinsic viscosity was 0.7 60 
dl/g, the density was 1.40 g/cm 3 , and the cyclic trimer 
content was 0.3 % by weight. 

In a stainless steel container, 2.5 kg of the 
polyethylene terephthalate was immersed in 4 kg of a 
trimethyl phosphate aqueous solution of 0.0695 % by 
weight, and they were kept at room temperacure for 4 
hours. Thereafter, the particulate polyethylene 
terephthalate was separated from the trimethyl 
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phosphate aqueous solution, hydro-extracted and then 
dried at 160°C for 5 hours in a stream of nitrogen. 
The cyclic trimer content in the resulting 
polyethylene terephthalate was 0.3 0 % by weight (x % 
by weight) . Using the polyethylene terephthalate, a 
stepped square plate molded product was produced by 
the aforesaid method. The cyclic trimer content in 
the stepped square plate molded product was 0.35 % by 
weight, a difference in the cyclic trimer content 
between before and after the molding was 0.05 % by 
weight (y % by weight), and the value of -0.2x+0.2 was 
0.14. The intrinsic viscosity of the stepped square 
plate molded product was 0.825 dl/g. 

Example 463-2 

In a stainless steel container, 2.5 kg of the same 
particulate polyethylene terephthalate as used in 
Example 463-1 was immersed in 4 kg of a trimethyl 
phosphate aqueous solution of 0.0695 % by weight. 
Then, the stainless steel container containing the 
polyethylene terephthalate and the trimethyl phosphate 
aqueous solution was externally heated to control the 
internal temperature to 95°C and kept for 4 hours to 
perform heat treatment. Thereafter, the particulate 
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polyethylene terephthalate was separated from the 
trimethyl phosphate aqueous solution, hydro -extracted 
and then dried at 160°C for 5 hours in a stream of 
nitrogen. The cyclic trimer content in the resulting 
polyethylene terephchalate was 0.3 0 % by weight (x % 
by weight) . Using the polyethylene terephthalate, a 
stepped square plate molded product was produced by 
the aforesaid method. The cyclic trimer content in 
the stepped square plate molded product was 0.33 % by 
weight (x % by weight) , a difference in the cyclic 
trimer content between before and after the molding 
was 0.03 % by weight (y % by weight), and the value of 
-0.20x+Q.2 was 0.134. The intrinsic viscosity of the 
stepped square plate molded product was 0.811 dl/g. 

Example 463 -1C 

The same particulate polyethylene terephthalate as 
used in Example 463-1 was molded into a stepped square 
plate molded product by the aforesaid method, without 
performing a contact treatment with a phosphorus - 
containing aqueous solution. The cyclic trimer 
content in the stepped square place molded product was 
0.52 % by weight (x % by weight), a difference in the 
cyclic trimer content between before and after the 
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molding was 0.22 % by weight (y % by weight), and the 
value of -0.2x+0.2 was 0.096. The intrinsic viscosity 
of the stepped square plate molded product was 0.833 
dl/g. 

Example 463-3 

To a reactor in which 3 3 500 parts by weight of a 
reaction solution was resident during the steady 
operation, a slurry prepared by mixing high-purity 
terephthalic acid (6329 parts by weight/hr) , 
isophthalic acid (129 parts by weight) and ethylene 
glycol (2 615 parts by weight/hr) was continuously fed, 
and esterif ication reaction was conducted under the 
conditions of a temperature of 2 60°C and a pressure of 
0.9 kg/cm 2 -G in a nitrogen atmosphere with stirring. 
In the esterif ication reaction, a solid titanium 
compound prepared in the same manner as in Example 
463-1 was fed at a rate of 0.112 part by weight/hr in 
terms of titanium atom, and magnesium acetate was fed 
at a rate of 0.187 pare by weight/hr in terms of 
magnesium atom. In the esterif ication reaction, a 
mixture of water and ethylene glycol was distilled off. 

The esterif ication reaction product (low 
condensate) was concinuously drawn out of the system 
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so that the average residence time was controlled to 
3 . 5 hours . 

The number-average molecular weight of the low 
condensate of ethylene glycol and terephthalic acid 
was 600 to 1300 (trimer to pentamer) . 

Then, liquid phase polycondensation reaction of 
the low condensate was conducted under the conditions 
of a temperature of 280°C and a pressure of 1 Torr, 
with feeding tributyl phosphate at a rate of 0.831 
part by weight /hr. 

The residence time (liquid phase polymerization 
time) required to attain an intrinsic viscosity (IV) 
of 0.58 dl/g of polyethylene terephthalate was 100 
minutes . 

The polyethylene terephthalate obtained by the 
liquid phase polymerization was crystallized at about 
170°C for 2 hours in a nitrogen atmosphere and then 
filled in a tower type solid phase polymerization 
reactor to perform solid phase polymerization at 
210 °C for 22 hours in a nitrogen atmosphere. 

In the resulting polyethylene terephthalate, the 
titanium atom content was 15 ppm, the magnesium atom 
content was 25 ppm, the titanium atom/magnesium atom 
molar ratio was 0.3, the intrinsic viscosicy was 0.82 
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dl/g, the density was 1.4 0 g/cm 3 , and the cyclic trimer 
content was 0.40 % by weight. 

In a stainless steel container, 2.5 kg of the 
polyethylene terephthalate was immersed in 4 kg of a 
5 trimethyl phosphate aqueous solution of 0.0695 % by 
weight, and they were kept at room temperature for 4 
hours. Thereafter, the particulate polyethylene 
terephthalate was separated from the trimethyl 
phosphate aqueous solution, hydro -extracted and then 

10 dried at 160°C for 5 hours in a stream of nitrogen. 
The cyclic trimer content in the resulting 
polyethylene terephthalate was 0.40 % by weight (x % 
by weight) . Using the polyethylene terephthalate, a 
stepped square plate molded product was produced by 

15 the aforesaid method. The cyclic trimer content in 

the stepped square place molded product was 0.48 % by 
weight, a difference in the cyclic trimer content 
between before and after the molding was 0.08 % by 
weight (y % by weight), and the value of -0.2x+0.2 was 
20 0.104. The intrinsic viscosity of the scepped square 
plate molded produce was 0.805 dl/g. 

Example 463-4 
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In a stainless steel container, the polyethylene 
terephthalate obtained after the solid phase 
polymerization in Example 463-3 was immersed in 
isopropanol at 95°C and kept for 4 hours under heating. 
5 Then, the polyethylene terephthalate was separated 

from the isopropanol and dried at 160 °C for 5 hours in 
a stream of nitrogen. The cyclic trimer content in 
the resulting polyethylene terephthalate was 0.40 % by 
weight (x % by weight) . Using the polyethylene 

10 terephthalate, a stepped square plate molded product 
was produced by the aforesaid method. The cyclic 
trimer content in the stepped square plate molded 
product was 0.46 % by weight, a difference in the 
cyclic trimer content between before and after the 

15 molding was 0.06 % by weight (y % by weight) , and the 
value of -0.2x+0.2 was 0.12. The intrinsic viscosity 
of the stepped square plate molded product was 0.810 
dl/g. 

20 E xamp le 4 6 3 - 2 C 

The same particulate polyethylene terephthalate as 
used in Example 463-2 was molded into a stepped square 
plate molded product by the aforesaid method, without 
performing a contact treatment with a trimethyl 
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phosphate aqueous solution. The cyclic trimer content 
in the stepped square plate molded product was 0.57 % 
by weight (x % by weight) , a difference in the cyclic 
trimer content between before and after the molding 
5 was 0.17 % by weight (y % by weight), and the value of 
-G.2x+0.2 was 0.086. The intrinsic viscosity of the 
stepped square plate molded product was 0.811 dl/g. 



purity terephthalic acid and 86.03 mol of ethylene 
glycol were fed at 100 °C at atmospheric pressure, and 
0.0045 mol of the titanium-containing solid compound 
prepared in Example 49 5-1 was further added as a 

15 catalyst. Then, the temperature of the reactor was 
raised to 260°C, and the reaction was conducted for 
340 minutes under a pressure of 1.7 kg/cm 2 -G in a 
nitrogen atmosphere. Water produced by the reaction 
was continually distilled off from the system. 

20 Then, the total amount of the solution in the 

es terif ication reactor was transferred into a 
polycondensation reactor beforehand set at 260°C. To 
the reactor, a solution of 0.0073 mol of cributyl 
phosphate in 6.44 mol of ethylene glycol was further 



Example 469-1 



10 



To an esterif ication reactor, 76.81 mol of high- 
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added at atmospheric pressure, and the temperature of 
the reactor was raised to 280°C from 260°C over a 
period of 60 minutes, while the pressure was reduced 
to 2 Torr from atmospheric pressure. 

The reaction in the polycondensacion reactor was 
further conducted for 108 minutes, and the reaction 
product was drawn out of the polycondensation reactor 
in the form of strands. The strands were immersed in 
water, cooled and cut into particles by a strand 
cutter to obtain polyethylene terephthalate . The 
polyethylene terephthalate had an intrinsic viscosity 
of 0.65 dl/g and a titanium content, as measured by 
atomic absorption analysis, of 28 ppm. 

The polyethylene terephthalate obtained by the 
liquid phase polymerization was then transferred into 
a solid phase polymerization tower, crystallized at 
170°C for 2 hours in a nitrogen atmosphere, and then 
subjected to solid phase polymerization at 210°C for 
13 hours to obtain particulate polyethylene 
terephthalate. The intrinsic viscosity of the 
polyethylene terephthalate was 0.825 dl/g. Using the 
polyethylene terephthalate, a stepped square plate 
molded product was produced by the aforesaid method. 
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The haze of the part C of the stepped square molded 
product was 17.8 %. 

Then, the polyethylene terephthalate was molded 
into a blow molded article in the following manner. 

A preform having a diameter of 2 8 mm was produced 
by an injection molding machine M-100A (manufactured 
by Meiki Seisakusho) under the conditions of a 
cylinder preset temperature of 2 60°C and a mold 
temperature of 10°C. In the molding, the injection 
molding temperature was 276°C and the molding cycle 
was 54 seconds. 

The preform was then subjected to stretch blow 
molding by the use of a blow molding machine (model No. 
LB01, manufactured by CORPOPLAST Co.) under the 
conditions of a stretch temperature of 110°C and a 
blow mold temperature of 3 0°C, to obtain a 1.5 liter 
blow molded article. 

The appearance of the blow molded article was 
evaluated in the following manner. 

Further, flowability (L/T) of the polyethylene 
terephthalate was evaluated in the following manner 
using an injection molding machine of M-703 model 
manufactured by Meiki Seisakusho. Moreover, an 
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intrinsic viscosity of the resulting L/T specimen was 
measured. The results are set forch in Table 469-1. 

In Examples 469-1 to 469-6 and Comparative 
Examples 469-1 to 469-4, each property was evaluated 
5 in the following manner. 
Intrinsic viscosity (IV) 

The intrinsic viscosity of the molded product was 
determined as follows. Using a mixed solvent of 
phenol and 1 , 1 , 2 , 2 - tetrachloroe thane (50/50 by weight), 

10 a sample solution having a concentration of 0.5 g/dl 
was prepared, and the solution viscosity was measured 
at 25°C. From the solution viscosity, the intrinsic 
viscosity was calculated. The intrinsic viscosity of 
the particulate polyethylene terephthalate was 

15 determined as follows. 1.2 Grams of the polyethylene 
terephthalate was dissolved in 15 cc of o-chlorophenol 
under heating, then cooled, and the solution viscosity 
was measured at 25°C. From the solution viscosity, 
the intrinsic viscosity was calculated. 

20 Haze 

In a tray dryer, 2 kg of particulate polyethylene 
terephthalate as a starting material was dried at 
140°C under a pressure of 10 Torr for 16 hours or more, 
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to allow the particulace polyethylene terephthalate to 
have a water content of not more than 50 ppm. 

Then, the dried particulate polyethylene 
terephthalate was injection molded by a M-70A 
injection molding machine manufactured by Meiki 
Seisakusho K.K. under the conditions of a cylinder 
temperature of 275 °C and a mold cooling water 
temperature of 15°C, to produce a stepped square plate 
molded product. 

In detail, the stepped square plate molded product 
was produced by feeding the dried particulate 
polyethylene terephthalate to an injection molding 
machine adjusted to have molding conditions of 
metering of 12 seconds and injection of 60 seconds 
through a hopper. The residence time of the molten 
resin in the molding machine was about 72 seconds. 
The weight of the resin used per stepped square plate 
molded product was 75 g. As a specimen for measuring 
a haze, any one of the eleventh to fifteenth stepped 
square molded products from the beginning of che 
injection molding was adopted. 

The stepped square plate molded product has a 
shape shown in Fig. 1, and the thicknesses of the 
parts A, B and C are about 6.5 mm, about 5 mm and 
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about 4 mm, respectively. In the present invention, 
the haze of the part C of the stepped square plate 
molded product was measured using a haze meter (Suga 
tester) HGM-2DP. 
5 Appearance of blow molded article 

A haze value (irregular reflectance of white 
light:) at the almost central portion of a sidewall of 
the hollow container was measured. Based on the haze 
value (%) , appearance of the blow molded article was 
10 evaluated as follows. 

AA: 0 ^ haze value < 5 

BB: 5 ^ haze value 
Fiowability (L/T) measuring method 

The flowability was measured by the method 
15 described in the specification. 

Examples 469-2 to 469-5 

Polyethylene terephthalate was produced in the 
same manner as in Example 469-1, except that the 
20 polycondensation catalyst and the polymerization 
conditions were changed as shown in Table 469-1. 

Using the polyethylene terephthalate, a blow 
molded article was produced in the same manner as in 
Example 469-1, and appearance thereof was evaluated. 
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Further, flowability (L/T) and an intrinsic viscosity 
of the L/T specimen were measured in the same manner 
as in Example 469-1. The results are set forth in 
Table 469-1. 

Comparative Example 469-1 

Polyethylene terephthalate (intrinsic viscosity: 
0.825 dl/g; type of a catalyst determined by atomic 
absorption analysis: antimony compound; and the 
antimony content: 235 ppm) was used. 

Using the polyethylene terephthalate, a blow 
molded article was produced in the same manner as in 
Example 469-1, and appearance thereof was evaluated. 
Further, flowability (L/T) and an intrinsic viscosity 
of the L/T specimen were measured in the same manner 
as in Example 469-1. The results are set forth in 
Table 469-1. 

Comparative Example 469-2 

Polyethylene terephthalate (intrinsic viscosity: 
0.843 dl/g; the type of a catalyst determined by 
atomic absorption analysis: antimony compound; and the 
antimony content: 23 2 ppm) was used. 
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Using the polyethylene terephthalate, a blow 
molded article was produced in the same manner as in 
Example 469-1, and appearance thereof was evaluated. 
Further, flowabilicy (L/T) and an intrinsic viscosity 
of the L/T specimen were measured in the same manner 
as in Example 469-1. The results are set forth in 
Table 469-1. 

Comparative Example 4 $9-3 

Polyethylene terephthalate (intrinsic viscosity: 
0.778 dl/g; the type of a catalyst determined by 
atomic absorption analysis: germanium compound; and 
the germanium content: 56 ppm. ) was used. 

Using the polyethylene terephthalate, a blow 
molded article was produced in the same manner as in 
Example 469-1, and appearance thereof was evaluated. 
Further, flowability (L/T) and an intrinsic viscosity 
of the L/T specimen were measured in the same manner 
as in Example 469-1. The results are set forth in 
Table 469-1. 

Comparative Example 4 69-4 

Polyethylene terephchalate (intrinsic viscosity: 
0.823 dl/g; type of a catalyst determinde by atomic 
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absorption analysis; germanium compound; and the 
germanium content: 42 ppm) was used. 

Using the polyethylene terephthalate , a blow 
molded article was produced in the same manner as in 
5 Example 469-1, and appearance thereof was evaluated. 
Further, flowability (L/T) and an intrinsic viscosity 
of the L/T specimen were measured in the same manner 
as in Example 469-1. The results are set forth in 
Table 469-1. 

10 

Example 469-6 

Preparation of titanium-containing solid compound 
Deionized water of 50 0 ml was weighed out and 
introduced into a 1000 ml glass beaker. To the 

15 deionized water, 0.15 g of anhydrous magnesium 
hydroxide was added to give a dispersion. The 
dispersion in the beaker was cooled in an ice bath, 
and thereto was dropwise added 5 g of titanium 
tetrachloride with stirring. The liquid became acidic, 

20 and the magnesium hydroxide was dissolved. When 

production of hydrogen chloride stopped, the beaker 
containing the reaction solution was taken out of the 
ice bach, and 25% aqueous ammonia was dropwise added 
with stirring, to adjust pH of the solution to 8. The 
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precipitate of titanium-containing complex hydroxide 
produced was separated from the supernatant liquid by 
centrifugation of 2500 revolutions for 15 minutes. 
Then, the precipitate of titanium-containing complex 
5 hydroxide was washed five times with deionized water. 
After the washing, solid-liquid separation was carried 
out by centrifugation of 2500 revolutions for 15 
minutes. The washed titanium-containing complex 
hydroxide was vacuum dried at 7 0°C under a pressure of 

10 10 Torr for 18 hours to remove water content, whereby 
a titanium-containing solid compound was obtained. 

In the titanium-containing solid compound, the 
ratio between titanium atom and magnesium atom was 
91:9 by mol. Prior to use as a polycondensation 

15 catalyst, the titanium-containing solid compound was 
pulverized into particles of about 10 y. 

Polycondensation reaction, granulation and solid 
polymerization reaction were carried out in the same 
manner as in Example 4 59-1, except that the titanium- 

20 containing solid compound prepared above was used as 
the polycondensation catalyst. Using the resulting 
polyethylene terephthalate , a blow molded article was 
produced in the same manner as in Example 46 9-1, and 
appearance thereof was evaluated. Further, 
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flowability (L/T) and an intrinsic viscosity of the 
L/T specimen were measured in the same manner as in 
Example 469-1. The results are set forth in Table 
469-1. 

5 As shown in Table 469-1, the polyethylene 

terephthalate according to the invention has higher 
flowability than conventional polyethylene 
terephthalate, and therefore the polyethylene 
terephthalate of the invention is excellent in 
10 moldability. The blow molded article obtained from 
the polyethylene terephthalate of the invention has 
excellent appearance similarly to the blow molded 
article obtained from the conventional polyethylene 
terephthalate . 
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